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I N T R O D U C T I O N 
In the t reatment of shock, the old concept of maintaining blood 
p re s su re at any cost is losing ground, thanks to the physiological 
evidence provided by shock experiments and subsequent clinical 
experience. 
Instead of p r e s s u r e s , in the last few years a good amount of 
attention has been given to "regional vascular r e s i s t ances" and 
"blood flows". 
In this thesis we review the resul ts obtained in this field by 
several scient is ts , working with experiments in conditions of 
severe hypotension, shock and impending shock caused by hae-
morrhage. We intentionally left out studies on flows and res is tances 
in other forms of shock. 
In our experiments we worked with a haemorrhagic shock 
technique developed by ourselves. With this technique we aimed 
to activate and maintain high vascular res is tances and poor blood 
flows. The bleeding volume in all our cases amounted to 65% 
± 5% of the previously measured circulating blood volume. 
Following a period of compensation and a short periodof equili-
brium all our experimental cases reached the stage of c i rcula-
tory failure, also known as the period of spontaneous uptake. At 
this stage half of the dogs were t reated with an a adrenolytic 
substance: Phenoxybenzamine; and the other half were allowed to 
develop the next stage, i r revers ibi l i ty . 
With the help of presently available knowledge on microci rcu-
lation we try to explain the factors influencing the turning point 
from the compensatory period to circulatory failure. The in ter-
pretation of the effects of phenoxybenzamine in our experiments, 
are also pr imar i ly based on microcirculatory changes. 
Since the dynamics of the circulating blood volume is of major 
importance for the problems of this thes is , the first two chapters 
are dedicated to this subject. 
Our own experimental set-up is to be described and cri t icized 
in chapter III. 
Circulatory dynamics involved during compensatory and decom-
pensatory periods of the haemorrhagic shock, as well as factors 
leading to i r reversibi l i ty and its prevention a re described in 
chapter IV. 
The resu l t s of our blood volume studies and related subjects 
a re in chapter V. 
A discussion of the principal aspects of this thesis a re centralized 
in chapter VI, here the l i terature on microcirculation that is 
concerned with local and central control on capillary flow is 
examined and used for the interpretation of our main resu l t s . 
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CHAPTER I 
P H Y S I O L O G Y O F T H E C I R C U L A T I N G B L O O D 
V O L U M E 
A DEFINITION OF THE CIRCULATING BLOOD VOLUME 
The normal circulating blood volume is a well balanced amount 
of blood that c irculates through a r t e r i e s (resis tance vessels) , 
veins (capacitance vessels) and capil lar ies (nutritive vessels) , 
adequately providing for the metabolic needs of the t i ssues . 
In normal daily adjustments, it is mainly up to the vascular 
capacity to keep in equilibrium with the circulating blood. 
The blood volume has some relation with body surface, weight 
and sex, but var ies widely in disease, under s t r e s s , with environ-
mental changes and with metabolic demands in the different 
stages of life. 
DISTRIBUTION 
Low p res su re system 75% to 80% 
The circulating blood is 
- High p re s su re system 15% to 20% 
distributed as follows: 
Capillary system 5% to 7.5% 
(Modified from Scholer, 1965 and Albert, 1963a) 
As seen in this table more than 3/4 of the blood volume is in the 
low p res su re region (55% in the veins and 25% in the right 
ventr ic le , lungs, atr ia and diastolic left ventr icle , (Scholer 1965). 
The venous system containing more than half to the total blood 
volume is of major importance for the adjustments of the vascular 
bed and blood volume. 
The central veins can, with very small changes of p r e s su re and 
by partial collapse of their walls function as r e s e r v o i r s : the 
"collapse chamber" of Brecher (1956). Venoconstriction or 
dilation can alter the venous capacity considerably. 
Gravity will accommodate more blood in the dependent par t s of 
the body and venous valves will prevent overdistension. 
The capi l lar ies are relatively ischaemic vesse l s , only 5 - 7.5% of 
the blood is in this region. This is the amount actively engaged 
in the exchange of metabolic mater ia ls between t i ssues and 
circulating fluid. The capacity of the capil laries is enormous. 
If the lumen of all the capil laries of the l iver could be open at the 
same t ime, the total blood volume can be kept inside them 
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(Hershey 1964). The rate of flow of blood through the capillary bed 
is to a grea te r extent dependent on changes in venous p r e s su re 
than on changes in a r te r ia l p r e s su re . (Pappenheimer and Soto 
Rivera 1948; Albert 1963a). 
The remaining 15% - 20% of circulating blood is in the ar te r ia l 
system. This volume depends on the stroke volume and the 
elasticity of the a r t e r i e s , ra ther than on the total blood volume. 
(Scholer 1965). Here t ransmural p r e s su re is not significant. 
REGULATION IN HAEMORRHAGE 
If we assume that in normal conditions, the stroke volume of the 
left ventricle is equal to venous return volume, we assume that 
the circulating volume is constant and the containers (vessels) 
a re unchanged in capacity. 
This inter-relat ionship between volume and cardiovascular capa-
city is closely maintained in normal and to a cer tain extent in 
abnormal c i rcumstances . 
The stroke volume and the heart ra te will maintain the cardiac 
output, but the cardiac output must combine well with vascular 
res is tance to give a "stable blood p r e s s u r e " . The total blood 
volume is considerably smal ler than the capacity of the vascular 
bed, therefore the vascular system must reduce its capacity and 
the blood must circulate in res t r ic ted a reas in accordance to the 
metabolic requirements . 
This well maintained correlat ion could be disturbed by blood loss , 
increased and decreased vascular capacity, increased t issue 
demand, overtransfusion and many other c i rcumstances . However 
thanks to short and long te rm mechanisms, the circulating blood 
volume and the vascular capacity are maintained in the best 
possible conditions, preventing vascular collapse at any ra te . 
S h o r t t e r m c i r c u l a t o r y m e c h a n i m s 
Short t e r m Baroreceptors 
Mechanisms Chemoreceptors 
Because we a re mainly concerned with the vascular capacity and 
the circulating blood volume during haemorrhage, we have 
res t r ic ted our discussion to the above mentioned mechanisms. 
Vascular tone, vascular capacity and vascular blood volume are 
controlled by the "vasomotor cen t re" , and the sympathetic vaso-
constr ictor system. 
The "vasomotor cen t re" is situated in the floor of the 4th 
ventricle (Samson Wright, 1961) with possible participation from 
the hypothalamus (Rushmer et al 1962) cerebra l cortex and spinal 
cord (Koelie, 1965). 
The large vesse l s (aorta, carot ids , cavae, main pulmonary 
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artery) and the cardiac chambers are known to have special 
receptors (Folkow et al 1965) that a re generally called ba ro -
receptors . The baroreceptors and also the chemoreceptors form 
a triangle of impulses and responses , with the "vasomotor cent re" 
and the sympathetic vasoconstr ictor sys tem. A decrease in 
baroreceptors discharge, as well as an increase in chemorecep-
tor discharge, will stimulate sympathetic vasoconstr ictor f ibres. 
As a consequence of reflex sympathetic stimulation, the rigid and 
smal ler a r te r ia l bed will respond mainly with an increase in its 
res i s tance , while the flexible and la rger venous bed will do it by 
reducing its capacity (Neil, 1962) therefore the venous system 
will contribute with a highly mobile portion of blood and with 
rapid cardiac filling. Heymans et al (1958) found that 1 or 2% 
reduction in venous capacity will double the diastolic inflow to 
the heart from one heart beat to the next. 
However it must be appreciated that under sudden demand the 
first circulating extra blood volume will be squeezed out from 
the heart and lungs " rese rve volume" (Brecher 1956) before 
systemic venous re turn can be appreciably increased. 
Systemic venous return will not only be helped by a reduction 
in venous capacity, but also by the mobilization of extra blood 
from splanchnic organs and muscle (Guntheroth et al 1963, 
Lillehei et al 1964). 
With moderate haemorrhage the s ino-aort ic receptors are not 
sensitive enough (Gupta et al 1966) probably because they need 
a pulsatile p re s su re (Samson Wright 1961) and not only a steady 
lower mean p r e s s u r e , however the atr ial receptors respond very 
sharply with moderate volume changes as Gupta et al (1966) 
demonstrated in their experiment, (with a 20% blood volume loss 
there was 80% decrease in firing rate and with 20% blood volume 
increase there was a fourfold increase in firing ra te) . 
As we see , baroreceptors in the lower p r e s su re system: "s t re tch 
receptors type" of the atrium are directly related to the volume 
changes, hence to changes in venous re turn . 
The systemic ar ter ia l receptors influence the venous tone only 
under extreme stimulation (Browse et al 1966). On the other hand, 
systemic ar te r ia l receptors can influence quite markedly the 
res is tance of the ar ter ia l side of the circulation and the heart 
itself by slowing and weakening the stroke when it is overloaded 
(Folkow et al 1965) or with tachycardia when the ar te r ia l p res su re 
is abruptly reduced (Rushmer, 1962). 
The pulmonary ar te r ia l receptors probably regulate in combination 
with systemic and cardiac receptors the blood that a r r ives and 
leaves the lungs (Aviado et al 1955). 
During acute haemorrhage up to 50% of the pulmonary blood 
volume could leave the lungs (Abel et al 1967) as a contribution 
to redistribution of circulating blood. 
After the sympathetic vasoconstrictive fibres a re re leased from 
the inhibitors control of the baroreceptors , general vasocon-
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striction is established all throughout the haemorrhagic period, 
and in haemorrhagic shock. Here is where the chemoreceptors 
come to play an important role by maintaining the reflex vaso-
constriction (Heymans et al 1958) because of the stimulus 
produced by anoxia, specially by stagnant anoxia (Langren 
et al 1951, Samson Whright 1961, Folkow et al 1965). 
L o n g t e r m c i r c u l a t o r y a d j u s t m e n t s 
Long t e r m 
factors 
Aldosterone 
A.D.H. 
Microcirculation: 
Lymphatics: 
J by reabsorbing Na and 
"I H2O in l a rger quantities 
by stimulating inflow of 
fluids into the capillary 
lumen. 
_ by increasing the drainage 
of more "protein free 
fluids". 
The long te rm adjustments are mainly due to hormonal regulation 
and microcirculatory changes. The antidiuretic hormone (vaso-
press in) is regulated by the crystaloid osmotic p r e s s u r e of the 
plasma (S. Whright 1961). Volume receptors at the a t r ia for 
the regulation of this hormone are not c lear . 
Henry et al (1956) demonstrated that an overfilled atr ium 
stimulates d iures is , but Ledsome's et al (1961) did prove that 
this was not due to a decrease in antidiuretic hormone. 
It is on the tubules; more precisely on the distal convoluted 
tubules and collecting tubules that this hormone works (Wirz 
1960, Samson Wright 1961). We do not know yet if this hormone 
is directly increased by haemorrhage. Haemorrhage produces a 
marked r i s e in aldosterone secretion but very little change in 
cort icosterone and 17-hydroxycorticoid secret ion (Mulrow et al 
1962). Bar t te r et al (1960) associated aldosterone secretion with 
the thyrocarotid baroreceptor "pulse p re s su re fall". Later it was 
found that a p res su re fall in the "afferent" renal a r te r io les 
re leases renin from the "juxtaglomerular (apparatus) cel ls and 
the proteolitic action of renin brings into circulation angiotensin, 
(Tobian 1962). This angiotensin st imulates the zona glomerulosa 
of the adrenal cortex (Davies 1962, Mulrow et al 1962), increasing 
aldosterone secretion. The increase in renin during acute haemo-
rrhage occurred also in cases where the mean blood p r e s su re 
did not change or changed very little as Brown et al (1966) 
demonstrated. The aldosterone is a very important long 
t e r m regulator, during haemorrhage, by retaining sodium. 
The sensitivity of the ar ter io les to catecholamine is probably 
enhanced by the aldosterone during haemorrhage (Spink et al 
1963). In conclusion there is an interrelation between volume 
flow through the kidney, perhaps "pulse p r e s s u r e " in the carotid 
baroreceptors and the regulation of this hormone. 
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The liver part icipates in the regulation of blood volume by 
inactivating aldosterone, A.D.H. and producing proteins for the 
control of oncotic p r e s s u r e , balancing this way the homeostatic 
mechanisms. 
The vesse l s in the microcirculation will react to sympathetic 
reflex discharge, with a pre-post capillary ratio deviation 
(Mellander et al 1963) which will be reflected in the drop of 
capillary hydrostatic p r e s su re , encouraging extravascular fluid 
to shift to the vascular compartment. This p rocess of course 
takes some t ime, and is clearly seen during the compensatory 
period of shock (haemodilution). Mellander et al (1963) showed 
in cat experiments that with vasomotor nerve stimulation, there 
is an inward movement of extravascular fluid in the amount of 
0.16 ml /min/100 g. t i ssue , and they believe that this is due to a 
g rea te r response of precapil lary res is tance; however as Pappen-
heimer et al (1948) and Landis et al (1963) pointed out, the 
t ranscapi l lary fluid t ransfer is also affected by ar ter ia l p r e s s u r e , 
venous p r e s s u r e , intersti t ial fluid p r e s su re , plasma and intersti t ial 
colloid osmotic p re s su re , (see page 52). 
The lymph vesse l s contribute to the circulating volume with a 
fluid r ich in prote ins . In haemorrhagic c i rcumstances , sym-
pathetic-adrenal stimulation will increase vasomotion of small 
lymphatics (Baez et al 1957) and drainage will be encouraged by 
the lowering of central venous p ressu re (Wegria et al 1963), but 
this contribution from the lymphatics is limited as Cope et al 
(1962) showed that the thoracic duct lymph flow decreased below 
control level, when oligemic hypotension was maintained. 
PHYSIOLOGIC VARIATIONS 
In principle we can assume that blood volume is related to 
metabolic demands, but evidence supported by measurements of 
circulating blood volumes in large numbers of individuals has 
shown that it va r i e s within wide l imits . 
However it is possible to see c lear physiologic changes, through 
the different s tages of life, and environmental adaptation. 
Sisson et al (1959) studied prematures and full t e r m infants and 
despite that they recognize the difficulty in giving average values 
during the first year of life, owing to a wide range of values , they 
concluded that the p rematu re ' s blood volume, was slightly grea ter 
(109 ml per Kg) than that of full t e r m infants (98.2 ml per Kg) and 
also stated that in the early weeks the premature and full t e rm 
infant has a decrease followed by a moderate increase in plasma 
volume. 
Whipple et al (1957) commented that the initial blood volume is 
not al tered by delayed ligation of the umbilical cord, unless the 
"placental blood" is expressed into the baby. During childhood 
the blood volume is usually reduced in relation to metabolic needs, 
but when the weight coincides with the highest basal metabolic 
ra te (about 12 yea r s of age) the blood volume is leveled out 
6 
(Albert 1963)a. From the beginning of puberty, boys blood 
volume increases , while gi r ls decreases in relation to body 
weight and height (Sjôstrand 1953). This lower blood volume 
in females in relation to males is maintained and can be seen in 
the "computer tab les" for prediction of blood volume. 
As age p rogresses there is a decline in the blood volume compara-
ble to decreases in basal metabolic ra tes and vital capacities 
(Gibson et al 1937). Lower values a re also a constant feature in 
sedentary life and prolonged bed res t (Taylor et al 1945) and is 
higher in active individuals (Sjôstrand 1962). 
During pregnancy there is a built-in increase of blood volume 
with higher levels during the 3rd t r imes t e r . Low et al (1965) 
showed in a large number of pregnant women an increase of 40% 
for plasma volume and 18% for red ce l l s , but with significant 
individual variat ions. 
In high altitudes the blood volume is increased due to a lack of 
O2, usually at the expence of red cell mass (Medal et al 1960). 
In tropical a r eas , because of sweating, plasma volume is decrea-
sed (Adolph et al 1947). 
Immediately after cold exposure temporary reduction of p lasma 
volume was described by Conley et al (1945), but a return to normal 
level was achieved by continuous exposure to cold. In the Eskimos 
the blood volume (increase of plasma as well as cells) is usually 
higher; Brown and colaborators (1954) believe this is due to 
hypermetabolism. 
The conflicting opinions about the relation between temperature 
and blood volume seems to be due to the duration and degrees of 
exposure and adaptation. 
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CHAPTER II 
P R E D I C T I O N O F T H E O R E T I C A L B L O O D V O L U M E 
AND M E A S U R E M E N T O F C I R C U L A T I N G B L O O D 
V O L U M E 
PREDICTION OF BLOOD VOLUME 
Prediction of blood volume from height or weight is quite un-
rel iable . What is considered a normal circulating blood volume 
could range from 44 to 101 ml/Kg body weight, being a mean of 
77.6 ml per Kg for men and 65.2 ml per Kg for women (Hobbs 
1967); however Rüssel (1949) believes that up to 13 yea r s of age, 
weight formes the most reliable basis on which to calculate blood 
volume. 
Surface a rea was also used for the prediction of blood volume 
(Baker et al 1957), but could not be applied more than to a limited 
population, because of wide variat ions. 
Nadler et al (1962) stated that computer modifications of the 
surface a rea formula and the height cubed-body mass formula 
fit all populations and they produce two tables (for men and women). 
Scholer (1965) suggests two simple formulas. For underweight 
subjects: weight (Kg). For overweight subjects: height (cm)-100, 
13 " 13 
being 7.7% of the body weight in Kg for individuals with a good 
height/weight ra t io . Despite all these formulas and tables , it is 
obvious that variat ions in blood volume are large enough and 
that subjects with a good height/weight ratio are a minority, 
however we can make use of tables like Nadler ' s , where e r r o r s 
have been dropped to a theoretical minimum. 
Nomograms obtained along s imilar l ines , a re also helpful for 
comparing with a measured blood volume, but whenever possible 
it will be the blood volume determination, performed in a patient 
before an operation or before t reatment , that will guide us in 
assess ing his t rue blood volume, or any improvement due to 
t reatment . 
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HEIGHT, 
cm. ft. 
Blood Volume-litres 
Male Female 
s 
β • "" 
WEIGHT 
Kg. lb. 
ISO — 
~ 
_Ξ 
_ 
_^  
~ 
-
~I 
-
— 
I 
100 — 
: 
— 
-
-
-
— 340 
— 330 
— 330 
— 310 
— 300 
— 290 
-280 
— 2Г0 
— 260 
— 250 
-2«0 
— 230 
— 220 
— 210 
— 200 
— 190 
— 180 
— ITO 
_ — 160 
FIG. 1. BLOOD VOLUME NOMOGRAM. The theoretical blood volume of an individual 
can be obtained from height and weight. (Reprinted with permission from Hobbs. J.T. 
Radiochemical centre. Amersham, England. Medical monograph. No 3, April. 1967) 
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MEASUREMENT OF CIRCULATING BLOOD VOLUME 
D i l u t i o n p r i n c i p l e 
The principle of this procedure is based upon the fact that if a 
known quantity of a t r a c e r substance is mixed with an unknown 
volume ("X"), completely and evenly, the concentration of the 
t r a c e r obtained after an optimum mixing t ime, will be inversely 
proportional to the volume "X". The radioisotopes used as t r a c e r s 
fulfil most of the conditions of a good t r a c e r : 
1) Its volume is very smal l . 
2) Its distribution is practically even. 
3) It is not harmful in a standard dose for t i s sues and it is not 
dangerous as a radiation source. 
B l o o d V o l u m e m e a s u r e m e n t t r a c e r s 
Several t r a c e r s have been described for the measurement of 
circulating blood volume. They can measure the red cells or the 
plasma compartment and some of these are able to measure the 
total blood volume as well. 
R e d c e l l t r a c e r s : 
Among the " r e d cell t r a c e r s " a re the following. Carbon monoxide, 
used by Smith et al (1924), to est imate the red cell mass increase 
at high altitude. Moore et al (1948) descr ibes his method for the 
measurement of red cel l s volume with methemoglobin tagged 
cel ls , but already, in 1941, Hahn et al, were able to determine the 
red cell m a s s with radio-active iron. Since then several other 
radioisotopes have been used. Nyling, in 1945 describes 
radioactive phosphorous as a t r a c e r . Berson and Yalow (1952) 
suggested a choice of two new radioisotopes (K42 or P32) for 
labeling erythrocytes, but Gray et al, two years e a r l i e r (1950) 
introduced, up to the present moment, the most reliable red cell 
label: СГ51. This radioisotope penetrates the red cell in vitro 
and is eliminated only when the cell is destroyed (Albert 1963)b. 
P l a s m a t r a c e r s : 
In the group of plasma t r a c e r s we should mention: The polyvinyl-
pyrolidone, this t r a c e r was used by Poullain et al (1948), but 
technically its procedure was r a t h e r laborious and was dependent 
on the experience of the operator . Gregersen et al (1950) published 
the resu l t s obtained with the dye Τ 1824 and three antigens 
(bovine albumin, bovine globulin and the polysaccharide S. 111). 
The blood volumes obtained were s imi lar for all these t r a c e r s , 
but he pra i sed the "evans blue" (T 1824) as a rel iable plasma 
volume t r a c e r . Since then the evans blue has been (Allen 1953, 
Sisson et al 1959) and still is popular in some c e n t r e s , but the 
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antigen tracers did not go far (allergic reaction etc). Semple 
(1957) worked out a method for measuring low concentrations of 
dextran in plasma. His results were good, but his technique was 
tiresome. Because albumine is the main component of the plasma 
(apart from water) it was obvious that radio-active substances 
should label this protein. 
From the beginning the iodine radioisotope was used for this 
purpose (Crispell et al 1950, Fields et al 1954). I131 has been 
for many years the tracer of choice, even for measuring total 
blood volume, but recently, its close relative, the Iodine¿25 has 
taken its place, because it has a low radiation strength (less than 
the dose recieved by a chest X ray) (Hobbs 1967). It has a longer 
half life (60 days) and permits the simultaneous use with СГ51, 
when these two tracers are determined by differential absorption 
(Brozovic et al 1966). 
B l o o d v o l u m e and h a e m a t o c r i t 
When a plasma (I125. I131) or red cell (Cr 51) tracer is used for 
the measurement of total blood volume in clinical cases, we 
should be careful to correct this volume by the body haematocrit. 
Normally the capillary haematocrit is lower than the large 
vessel or central haematocrit, because through capillaries and 
small vessels, blood is less concentrated. 
Chaplin et al (1953) obtained a constant, between body and venous 
haematocrit, after working with a wide range of haematocrits 
(9 to 82%). The value of this constant is 0.91, with a standard 
deviation of 0.026; such extreme haematocrits they obtained 
from patients suffering chronic or sub-acute illnesses. Rustand 
(1966) suggested 0.94 as a constant for haematocrits, ranging 
between 40 to 45; 0.81 for a haematocrit of 70; 0.975 for a 
haematocrit of 20 ect. In dogs Huggings et al (1957) found that 
0.90 was the body haemotocrit ratio, while Duppont et al (1959) 
reported, also in dogs, a ratio of 1.02. After severe bleeding or 
even more in irreversible haemorrhagic shock, where the 
microcirculation has been deeply disturbed and where pooling, 
cell conglomeration and fluid shifts may have occured, it is 
difficult to consider any constant as reliable. 
Doty et al 1967 reported an increase of 3 volume % or more in the 
capillary haematocrit, in relation with the central venous haema­
tocrit, in patients in circulatory shock. Moore (1961) believes 
that in surgical cases the body haematocrit/large vessel haema­
tocrit is also changed from this constant. 
D o u b l e T r a c i n g 
To overcome correction and in the belief that better blood volume 
measurements will be obtained, several workers (Crook et al 
1960, Wood et al 1965, Brozovic et al 1966) have been using 
double tracers, but this double method makes it compulsory to 
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have a costly and voluminous instrumentation. On the other hand 
C r s i (the red cell label of choice) has problems of its own: 
1) The tagging is laborious requiring an absolute minimum of 
one hour (Underwood et al 1966). 
2) If this t r a c e r is already in stock and was prepared with "O 
negative ce l l s " , problems of incompatibility could a r i se (Adner 
et al 1963). 
3) Equilibration of labelled red cel ls during haemorrhagic shock 
could take up to one hour (Shoemaker et al 1962). They also found 
this abnormality with blood volumes done after surgical operations 
where a considerable amount of bleeding was associated at the 
t ime of the operation, however in their opinion the plasma t r a c e r 
(dye, Τ 1824) was reliable in all these c i rcumstances . Underwood 
et al (1966) have demonstrated in surgical patients the reliability 
of the plasma t r a c e r (I131). They found no advantages in using 
the double t r a c e r (I131 and СГ51). 
O w n m e t h o d 
We chose the semi-automatic (Pitman's) "bloodvolume computer" 
and the radioisotope I125 ^ 0 m e a s u r e the circulating blood volume 
in our experimental animals. 
The procedure we used, is as follows: 
a) A "dose syr inge" containing I125 (prepared by "The radio­
chemical cent re- Amersham") was measured by the instrument. 
b) In the meantime an ar ter ia l blood sample was obtained in a 
calibrated syringe (pre-mix). 
c) The measured radioisotope was injected in the "ar ter iovenous" 
shunt created for this purpose (between the a r te r ia l and venous 
p r e s s u r e catheters . The radioisotope was washed out by the 
shunting blood. 
d) The empty "dose syringe" was measured for any residue of 
radioisotope, therefore the computer was able to substract the 
" r e s i d u e " from the original "measured dose", storing in its 
memory only the amount of radioisotope that was circulating 
in the dog. 
e) Five minutes la ter a "post mix ar ter ia l sample" was withdrawn. 
f) The pre-mix and post-mix samples were measured by the 
instrument and the result was given in l i te r s and ml. 
The "reset table memory unit" incorporated in this computer 
made it very versat i le , because the actual amount of t r a c e r that 
the animal has received, was stored. Therefore the same samples 
we were able to check over-again or we could even measure 
multiple samples . Deviation of measurement when the sample was 
checked was less than 2%. A doubtful blood volume result was 
checked by injecting a new dosis of I125. 
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CHAPTER III 
P R O D U C T I O N O F H A E M O R R A G I C S H O C K : OWN 
E X P E R I M E N T S 
DESCRIPTION OF THE EXPERIMENTAL SET UP 
Because we wanted to investigate the effects of the о blockers 
(Phenoxybenzamine) on the "blood volume" in haemorrhagic 
shock, we regarded the dog as the animal of choice because of 
its size and the fact that most of the systematic work on haemo­
rrhagic shock has been done in dogs. Therefore it was possible 
to compare some of our findings with more sense of proportion. 
Also the dog is not an expensive animal and is easy to handle. 
Healthy, young mongrel dogs chosen at random were used for 
these experiments..Weight differed between 8 to 22 Kg, however 
the majority weighed 12 to 16 Kg. No special preparat ion was 
done, no pre-medication was given. For 18 hours before anaes­
thesia they were fasting with only free water. 
The procedure : Anaesthesia was carr ied out with penthotal 15 
mg/Kg body weight intravenously followed by an infusion at a 
rate of 1 mg/minute, continously until bleeding effects made 
further medication unnecessary. Usually this happened when 60 
minutes of bleeding was completed. In some unusual cases m o r e 
than 15 mg/Kg "induction dose" was required to put them to 
sleep properly. 
In a sufficient depth of anaesthesia an endotracheal tube was 
introduced. The dogs ventilated spontaneously. 
A ure thra l catheter was placed in the bladder for "ur ine output" 
measurement. 
The dog was t ransported from the "anaesthet ic" to the "operating 
r o o m " and was fastened supine to the operating table. 
Under s ter i le conditions, small bi lateral groin incisons were 
made and plastic catheters (PT 54 A) for measur ing a r te r ia l 
(aorta) and central venous (inferior vena cava) p r e s s u r e were 
introduced in one side; in the other side larger plastic catheter 
(PT 54 C) were also introduced, in the femoral a r te ry for bleeding 
purposes and in the femoral vein for retransfusion. Between the 
two p r e s s u r e ca theter s , a "shunt" was placed and clamped, but 
could be used for injection and wash-out of the radioisotope 
(Il25)> when required. 
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FIG. 2. ILLUSTRATION OF THE EXPERIMENT AL SET-UP. The anaesthetized dog 
was intubated and cannulated for bleeding, retransfusion and arterial-venous pressure 
measurements. Between the pressure 'catethers an Α-V shunt was placed and only 
used for washout of radioisotopes. The steady 60 mm Hg pressure was maintained by 
the height of the reservoir's level (81.5 cm of water). In the treated cases phenoxy-
benzamine was given by automatic syringe. The electrocardiogram, rectal temperature 
and urine output were monitored continuously. 
Just before introducing these four catheters , héparine 2 mg/Kg 
was given, followed by 1 mg/Kg/hour up to the beginning of 
retransfusion. 
Arter ial and venous p re s su re and E.C.G. were recorded with a 
Elema-Schönander mingograph 81, and t ransducer (E.M.T. 35), 
amplified and recorded on mil l imetre paper, every 15 minutes. 
Blood and plasma volumes were measured with a semi-automatic 
(Pitman's) blood volume computer, five minutes after the 1125 
was injected through the arter io-venous shunt. 
Before bleeding and with intervals of 30 minutes, during the 
"60 mmHg mean p re s su re period" and after retransfusion 
microhaematocri t determinations (Hawksley) were done (double 
check). The blood was centrifuged for 4 minutes at 12.000 r .p .m. 
Bleeding. 
At the ra te of 1% per minute, the measured circulating blood was 
allowed to bleed from the aorta during a bleeding t ime of 60 
minutes, however not always 60% was achieved at this point. The 
average bleeding volume was then 56% (+ 4%) when 60 mmHg was 
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reached. But all throughout the compensatory period and with a 
stabilized 60 mmHg mean pressure, more circulating blood was 
leaving the dog. 
Therefore a maximal bleeding volume of 65% (± 5%) was ob­
tained. 
For 4 /2 hours, the 60 mmHg mean pressure was maintained by 
keeping the aorta open to the reservoir (the level of blood was 
kept at the height of 81.5 cm of ^ 0 = 60 mmHg). 
When no further bleeding into the reservoir happened there was 
a period of equilibrium, followed by a passive uptake from the 
reservoir. This was the beginning of the circulatory failure. From 
this moment the experiment was seperated in four groups of ten 
dogs, according to the fluid uptake (own blood, rheomacrodex, 
haemaccel or Ringer's sol) and each group was split in two, the 
one who received phenoxybenzamine 1 mg/Kg/hour by automatic 
syringe and the other who did not receive this α blocker. 
ANAESTHESIA ¡ BLEEDING ¡ COMPENS PER 
INTUBATION l _ f t n m , n _ J 
CANNULATION. ^ " " " " ^ 
FIG. 3. TIME COURSE OF THE PROCEDURE. Bleeding and retransfusion were 
carried out in equal periods (60 minutes). To maintain the same pressure during the 
period of compensation more blood was leaving the dog (into the reservoir), while 
(luring the decompeneatory the dog took up spontaneously blood, rheomacrodex, 
haemaccel or Ringer's solution. From the beginning of circulatory failure, half of the 
dogs were treated with phenoxybenzamine. For further explanation see text. 
Ten minutes before the end of the 4 /2 hour period, another blood 
and plasma volume was carried out. 
After 4 /2 hours of equilibrium shed blood was retransfused 
through the venous catheter in a uniform manner, during 60 
minutes. 
Fifteen minutes after retransfusion was finished the next plasma 
and blood volume determination was performed, and again this 
investigation was done (new I125) 3^ m i n u t e s later. 
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The catheters were then removed, also under s ter i l conditions. 
Jus t before removing the endotracheal tube the lungs were 
inflated, under mild p r e s s u r e , with oxygen (10 times) to expand 
any segmental collapse produced during the experiment to prevent 
a telectasis and infection. 
At the end a general check-up of the general condition was 
ca r r ied out. 
The dog was taken to a special " recovery" cage, where it was 
kept under optimum temperature (250C) and humidity. 
Blood gases were done (Astrup Radiometer) (1) at the beginning 
of the circulatory failure, (2) just before retransfusion and (3) 
immediately after this . 
P lasma catecholamines (Anton and Sayre Method) were also 
investigated, but only one determination was done in each dog, 
therefore the curve was obtained by composition of the determin-
ations of all the dogs, combined with ser ial determinations on 
special dogs, used for this purpose. 
CRITICAL COMPARISONS WITH OTHER METHODS 
A n a e s t h e s i a 
It is known that anaesthesia will a l ter or modify the pre-exis t ing 
cardio vascular , resp i ra tory and metabolic baseline (Greisheimer, 
1965), but on the other hand abscence of anaesthesia during this 
type of experiment will reinforce sympathetic adrenergic d i s -
charge (Chien, 1967) by causing emotional exitement and activation 
of the cortico-hypothalmic vasomotor neurons, during the course 
of haemorrhage. Nickerson (1964) has demonstrated that handling 
and tying down in a non-anaesthetized animal can increase 
mortal i ty, because of increased reflex vasoconstriction. Pain 
produced by incisions, unnecesary prolongation of the procedure, 
tying down the animal and excitement due to haemorrhage are 
important factors in favour of anaesthesia. 
The most common anaesthetic used in experimental shock is 
"Sodium Pentobarbital" (Nembutal) in dose of 20 to 35 mg/Kg 
bodyweight (Crowell et al 1959, Hershey et al 1961, Baue et al 
1965, Fel l , 1966, Berk et al 1967, Rush et al 1967, Matsumoto et 
al 1967). 
Pentothal was used by Sealy et al (1966) morphine by Stekiel 
(1966) and Lacroix et al (1967). 
We t r ied different analgesics and anaesthetics, like morphine, 
nembutal, halothane, nitrous oxide, but we settled for "Sodium 
thiopental" (Pentothal) in the lowest dose of 15 mg/Kg body 
weight (or minimum effective dose). With this amount we were 
able to intubate and then cut down both groins for the cannulation 
of the four femoral vesse l s . The maintenance of anaesthesia with 
sodium penthotal 1 mg/minute permitted us to continue with the 
bleeding for about one hour, without discomfort for the animal. 
The drug was discontinued when the shock effects had taken place, 
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(usually when the animal reached 60 mmHg mean pressure). 
After the initial effects on the brain, pentothal is redistributed 
mainly to the fat depots (Mark, et al 1956) and since fat is 
virtually cut off from the circulation during shock (Fine 1965), 
we can assume that any deposits of pentothal will remain in the 
fat tissues until normal flow is restored. 
In small dosis thiopental does not increase sympathetic activity, 
but with large dosis thiopental could encourage "noradrenaline 
liberation" (Price, 1960). Blood pressure recovers rapidly after 
an initial fall (Mc Allister, 1946), and in our hands the reaction 
of the animal to haemorrhage (vasoconstriction with initial 
increase in blood pressure, tachycardia, and a slow decrease 
in body temperature) was not essentially different from what was 
observed by Gregersen et al (1947) in non-anaesthetized animals. 
Following abrupt haemorrhage Baez et al (1964) observed a 
slowing of the capillary flow. When morphine and scopolamine 
was given as premedication, pentothal decreases "stroke volume" 
(Etsten et al 1955). In a dosis of 30 mg/Kg body weight, nembutal 
increases the heart rate and systemic pressure (Corcoran et al 
1943), it can also diminish stroke volume (Shabetai et al 1963). 
On the microcirculation Baez et al (1964) observed a congested 
capillary bed with signs of petechial haemorrhages towards the 
end of the bleed-out period, however with morphine sulfate 
2 mg/Kg they saw very little change. If anything there was an 
increase in "vasomotion"* but with similar dosis in the experi-
ments of Stekiel et al (1966), the arterial pressure fell to 65% 
of the pressure of our controled dogs. 
A n t i c o a g u l a t i o n 
Several workers have brought attention to the existance of an 
"hypercoagulable state" during shock. Micro-thrombi formation 
that could be prevented or lessened by combined heparin and 
fibrinolysin therapy (Robb, 1963). Berman et al (1965) observed 
that thrombin and thromboplastin among other factors precipitates 
the formation of platelet thrombi. This type of thrombi is also 
influenced by noradrenaline (Robb 1963) and/or serotonin (Swank 
et al 1963). Hardaway (1968) believes that the consumption of 
clotting factors due to disseminated intravascular coagulation 
will create the next stage: "hypocoagulability". 
Because of this evidence and despite the report from Hardaway 
(1965) that heparin is inactivated by acidosis during shock, we 
protected the animal with heparin during the whole experimental 
procedure. 
Heparin is also necessary to prevent clotting in the cannules and 
reservoirs. The administration of calcium citrate that may 
* The intermittent movements of constriction and dilatation of the p re -
capillary vessels seen by Zweifach annd others (1961), was called "vaso-
motion". 
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interfere with cardiac metabolism is also avoided by giving 
heparin. 
B l e e d i n g t e c h n i q u e s 
Selkurt et al (1961) commented that the experimental procedures 
generally fall in two categor ies : a) Those in which a fixed volume 
was withdrawn, regardless of changes in blood p r e s su re , and 
b) Those in which enough blood is withdrawn to reduce mean 
ar ter ia l p r e s su re to some definite stabilized level. 
Many workers have used the "Lamson technique" (Lamson et al 
1945) which allows to bleed FREE from the cannulated femoral 
ar tery into an heparinized rese rvo i r , to the lowest mean ar ter ia l 
p re s su re the animal can tolerate (30 mmHg). Fine (1962) modified 
"Lamson 's technique" and allowed free and fast bleeding to a 30 
and 35 mmHg and when 40% of blood was taken up spontaneously 
(between 4th to 6th hour) the shed blood was rapidly infused. 
Lillehei et al (1964) used an electronically controled system, 
based on the "Lamson-Fine technique", they obtained a 35 mmHg 
by bleeding fast, and the total bled volume fluctuated between 50 
to 60% of the measured blood volume, after 4 hours 30 minutes 
they retransfused under high p r e s su re (through the ar tery) . 
Simeone (1965) reached 30 mmHg in less than five minutes by 
a massive haemorrhage. If the animals were kept in this p ressure 
for two hours the mortality was 100% and if the t ime of oligemic 
hypotension was reduced to 62 minutes the mortality was of 
42.6%; later he modified this technique by disregarding the "oli-
gemic p r e s s u r e " , after the initial bleeding. 
Wiggers (1950) also reached 50 mmHg rapidly by a massive 
haemorrhage, maintaining this p re s su re for 90 minutes; then by 
a further bleeding the p re s su re was reduced to 30 mmHg and was 
kept up to this level for another 45 minutes. The calculated 
initial bled volume was between 30 to 40%. Abel et al (1967) bled 
to 40 mmHg and kept this level until the animal had taken up 30%. 
Crowell et al (1964) bled to 30 mmHg until the i r revers ib le stage 
of shock had been reached, then the bottle was ra ised to maintain 
the ar ter ia l p re s su re at 100 mmHg for the remainder of the 
experiment. 
Sealy et al (1966) bled to a p re s su re of 50 mmHg slowly, d i s -
regarding t ime and volume. 
Lacroix et al (1967) bled 2 or 3.5% of the body weight, disregarding 
the blood p re s su re level. 
Our tecnique was designed in such a way that 60% of the circulating 
blood volume should be bled in a constant speed (1%/minute). 
We obtained a 60 mmHg (mean pressure) always, by bleeding 
evenly during one hour, then the aorta was opened to the rese rvo i r 
by releasing the clamp (the level of the rese rvo i r was kept at 
81.5 cm H2O = 60 mmHg) allowing free exchange. This means 
that during the compensatory period blood was leaving into the 
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rese rvo i r and during the period of failure, fluid or blood was 
going into the aorta. The total bleeding volume amounted to 
65% (± 5%). The period the dog was kept at 60 mmHg (mean 
pressure) was always 4 hours and 30 minutes. Then retransfusion 
lasted for 60 minutes at even speed (intravenously). 
We think our technique has the following advantages: 
1) 60% of the measured circulating blood volume was always "the 
minimum" removed; being 65% (± 5) the average maximal 
bleeding volume. 
2) The bleeding was even and moderate in speed, permitting the 
body to coordinate its compensatory mechanisms. 
3) The shock p re s su re was not too low for immediate survival, 
but capable to produce a high percentage of i r revers ib le shocks, 
if it was maintained for 4 hours and 30 minutes, and no treatment 
was instituted. 
We think that because we have removed more blood and a higher 
a r te r ia l p re s su re was maintained (than in any other popular 
technique), the vascular adjustments were s t ressed to the maxi-
mum, but slowly. A high vascular res is tance was aimed at, with 
this method, for this enabled us to study bet ter the effects of 
catecholamines and the drug that block their action: phenoxy-
benzamine. 
By bleeding too fast the organism does not have time to bring into 
action every mechanism available for survival. In the Wigger's 
technique the animal is in a very disadvantageous situation, 
because after the animal is recovering from the initial bleeding 
and 90 minutes hypotension, a new and lower p re s su re is produced 
in an already handicaped animal. Lillehei et al (1964) also bleeds 
rapidly, obtaining a volume that fluctuated between 50 to 60% 
and retransfusing under p re s su re , through the femoral a r te ry . 
Retransfusion (speed and route) is also an important point, for 
Simeone (1961a) shows that if about 40% of the blood volume is 
returned to the animal in as little as five minutes, the heart is 
likely to fail. 
To bleed a fixed percentage of body weight is not a good method. 
Over and over again we have seen that blood volume in humans 
and dogs, a re not quite comparable with the proportioned weight, 
therefore bleeding of a fixed percentage, disregarding actual 
blood volume can sometimes not lead to shock at al l , or can cause 
the death of too many animals during the experiment. 
To retransfuse after a cer tain percentage of blood has been taken 
up, is to have a variable period in oligemic hypotension, with the 
concomittant inconsistency of t ime, making comparison difficult 
of the findings that a re mainly dependant of the length of hypo-
tension. 
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CHAPTER IV 
I R R E V E R S I B L E H A E M O R R H A G I C S H O C K AND 
cx B L O C K E R S 
Progress ive stages 
in haemorrhagic 
shock. 
Compensatory period. 
Refractory period 
Circulatory failure -
I r revers ib le stage. 
A) COMPENSATORY PERIOD AND PERIOD OF FAILURE 
In haemorrhagic shock the a r te r ia l and venous p r e s su re will 
decline, but more important will be the consequent increase in 
vascular res is tance and the decrease in blood flow. 
In bleeding it is the active blood volume that counts, homeostatic 
mechanisms immediately will prevent a total vascular collapse 
by reducing venous vascular bed (Heymans et al 1958) and 
mobilizing blood from lungs andheart (Brecher 1956) l iver, spleen 
(Guntheroth et al 1963) and intestine (Lillehei et al 1964). Muscle 
accounts only for 15% of the cardiac output . therefore redistribution 
of its vascular volume is of no obvious help (Zier ler 1965), 
however because muscle represents 40% of total body weight, its 
capillary bed can provide a large a rea for extravascular fluid 
to shift to the vascular compartment. In the case of bleeding, one 
of the main features of the initial response of the body is to 
increase vascular res is tance and reduce blood flow. As hae-
morrhage augment and shock ensues , less blood will be available, 
therefore more res is tance has to be created. 
Nature in its wisdom has provided ways of maintaining a sufficient 
blood flow to hear t and brain, but at the expense of a proportional 
decline in blood supply to the "second c l a s s " organs . The 
splanchnic organs not only suffer their proportional lack of blood 
supply, but also that extra percentage, however small it may be , 
which is "short circuiting" to the vital organs. 
C e r e b r a l c i r c u l a t i o n 
Cerebral and coronary vesse ls a re largely independent of sym-
pathetic vasoconstrictive control (Nickerson, 1964). 
Cerebrovascular res is tance is regulated by local t issue response 
to oxidative and metabolic processes (Green et al 1968). In acute 
haemorrhage, cerebra l blood flow will sharply decrease , but this 
will be a consequence of the general acute blood loss (Stone et al 
1965) and the sharp decrease of PCO2 (initial hyperventilation 
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due to acute haemorrhage) that will cause a pronounced cerebra l 
vasoconstriction. It is known that CO2 is the most powerful 
cerebra l vasodilator (Lassen 1959). Following this acute reduction 
in blood flow, the cerebra l circulation improves in proportion to 
other organs, thanks to the redistribution of circulating blood, 
and because cerebrovascular tone is decreased as a response to 
impaired cerebra l metabolism (Sokoloff 1965; Green et al 1968). 
Thus due to a bet ter share of blood available, the brain stands 
bet ter chances than "second c l a s s " organs. 
C o r o n a r y c i r c u l a t i o n 
The heart also is favoured by blood redistribution following 
haemorrhage. Coronary res is tance decreases (Greeg 1962) and 
coronary flow is better than systemic flow, even proportionally 
improved in relation to myocardial work (Eckenhoff et al 1948), 
but after an initial increase in its force, the myocardium soon 
begins to deter iorate . (Greenfield et al 1962). 
As the oligemic period goes on, blood flow through the coronary 
a r t e r i e s will decrease and oxygen uptake will diminish (Horvath 
et al 1958). The effects of myocardial anoxia will be the loss of 
contractility and a subsequent fall in cardiac output (Wendt et al 
1965). This leads to a decreased O2 availability to t issues of the 
body (Guyton et al 1961). At this stage the myocardium will 
change from aerobic to anaerobic metabolism. 
The hear t muscle cells 1 utilize predominantly pyruvic acid in 
their normal metabolism (Geigy 1962). In conditions of anaero-
biosis , pyruvate will be returned by the hear t , without being 
used (Simeone 1961^). Lactic acid will also accumulate (Huckabee 
1958) and high energy phosphate compounds will diminish (Wendt 
et al 1965). 
The response of the ventr icles to catecholamines is also impaired 
by the metabolic acidosis (Darby et al 1960). When the time of 
retransfusion a r r i ve s , cardiotoxic substances a re probably washed 
out from the injured splanchnic t issue (Gomez et al 1964). 
Depression of contractility of the heart contributes to the 
reduction in myocardial efficiency, and should play an important 
par t in the final stages of i r revers ibi l i ty . 
P u l m o n a r y c i r c u l a t i o n 
Following a marked fall immediately after bleeding (Sealy et al 
1966) "pulmonary a r te r ia l p r e s s u r e " increases well above control 
(Sarnoff et al 1954) or 149% of control value (Sealy et al 1966). 
Pulmonary vascular res is tance goes as high as 9 t imes the control 
value according to Rothe et al (1964). 
Hardaway (1963) feels that highvascular res is tance and pulmonary 
ar te r ia l p res su re during shock are due to lung capillary obst ruct i -
on caused by disseminated intravascular coagulation. By this 
theory the pulmonary hypertension could be explained. 
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The pulmonary hypertension could also be explained by the 
"pumping failure" of the left ventricle, which Guyton et al 
(1961) and Crowell et al (1964) claimed to develop. 
S k e l e t a l m u s c l e and c u t a n e o u s c i r c u l a t i o n 
Vessels of the skeletal muscle are nearly maximally constricted 
in the resting state. If all were carrying blood, a cardiac output 
of something like 20 1/min would be needed (Zierler 1965. There-
fore it is understandable that with moderate haemorrhage, the 
muscular vessels suffer very little reduction in flow (Bull 1964). 
But in haemorrhagic shock, and following blood redistribution 
muscle blood flow is very strongly reduced. External iliac flow 
as a measure for muscle flow is more affected than mesenteric 
or renal flow (Gregg 1962). Femoral resistance rises almost to 
400% (Smith et al 1965). Cutaneous adrenergic stimulation after 
haemorrhage is known to be very intense, some of the typical 
signs of shock can be seen here (cold sweeting, facial pallor). 
Resistance and flow are very much affected (Rothe et al 1963) 
and if trauma is added, the cutaneous vessels are even more 
constricted due to pain fibre stimulation (Folkow 1962)a. 
R e n a l c i r c u l a t i o n 
In mild to moderate haemorrhage, renal flow is fairly well 
maintained (Smith et al 1965), but with a rapid loss of 20% of 
total blood volume, renal resistance rises sharply (Abel et al 
1960) and, if the haemorrhage is severe, the resistance can 
increase more than five fold (as much as mesenteric artery 
resistance) (Fell 1966). Independent of the amount of bleeding, 
renal vascular resistance rises when 60 mmHg mean pressure 
is reached (Smith et al 1965) and this even brings the glomerular 
filtration rate down to zero (Kramer 1962). With no glomerular 
filtration, no "fluid flow" will appear in Henle's loops, however, 
under these circumstances blood flow through the medullary area 
(vasa recta) is still available (Trueta et al 1947), although 
greatly reduced to about 25% (Kramer 1960). This medullary 
blood flow will be capable to wash out the gradient of sodium that 
exists as it passes through the area of hyperosmolarity. This 
probably explains why the "renal venous blood" contains more 
sodium than the "renal arterial blood" (Selkurt 1965). 
The wash out of this osmotic gradient will account for the 
temporary loss of the kidney's ability to concentrate the quantity 
filtrated by the glomeruli when flow has been resumed following 
retransfusion. With retransfusion "renal arterial resistance" 
decreases toward the control level (Gregg 1962), however, in 
Fell's experiments (1966) it only decreases to two or three 
times control. In the preagonic stage renal resistance will raise 
to much higher values than during the period of oligemia, with a 
simultaneous decline of renal blood flow (Selkurt et al 1963). 
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S p l a n c h n i c c i r c u l a t i o n 
Normally about half the cardiac output flows through the abdominal 
organs, about one sixth each through the brain and muscles and the 
remainder is divided between the hear t , skin and other t i s sues 
(Bull 1964). 
With moderate bleedings the splanchnic blood flow is less affected 
than cardiac output (Lecroix et al 1967) and the splanchnic 
res i s tance (124%) less than the total peripheral res i s tance (190%) 
(Reynell et al 1955), but in severe haemorrhagic shock, after the 
initial readjustments and blood redistribution, the brain and the 
heart will be better protected at the expense of the abdominal 
organs. 
High mesenter ic a r te r ia l res i s tance and lower splanchnic blood 
flows have been reported by Cull et al (1956) and Seikurt (1958). 
Recently, Fell (1966) reported a fivefold increase in mesenter ic 
res i s tance and flows that often fell to zero. Lillehei and colla­
borators (1964) in a classical work on this problem found 
a mesenter ic flow decreased to 10% or less of normal, and a 
mesenter ic res i s tance increased from 0.5 mmHg/ml to 3.0 mmHg/ 
ml (it is the most affected regional flow and res i s tance) . See 
next figure. 
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FIG. 4. INTESTINAL HAEMODYNAMICS IN HAEMORRHAGIC SHOCK IN DOGS. 
Bleeding to a pressure of 40 mm Hg (mean arterial), increased mesenteric artery 
resistance sixfold and decreased the intestinal blood flow from 230 ml/min to less 
than 20 ml/min. (Reprinted with permission from Lillehei and Colaborators. In Shock. 
Ed: Hershey. Little, Brown and company. 1964) 
23 
As the intestines and the liver come under ischaemic conditions 
it is not surpris ing that several hypothesis and report s claimed 
these organs as the producers of factors that may set i r r e v e r s i ­
bility in shock. Selkurt et al (1961) suggested that the ischaemic 
intestine of the dog is capable to produce a vasodepressor mater ia l 
(V.D.M.). Shorr et al (1951) found that "reduced ferr i t in" is a 
V.D.M. produced by the ischaemic l iver. Fine et al (1959) 
claimed that bacter ia l toxin originated in the bowel, leads to 
i r revers ibi l i ty . The reticuloendothelial system (the l iver is the 
r ichest organ in R.E.S.) has been shown to be deeply impaired 
during shock (Zweifach 1964). The experiments-of Blatterberg et 
al (1962a) did not support the theory that " l iver i schaemia" is the 
cause of R.E.S. depression, furthermore, they (Blatterberg and 
Levy 1962P) showed in other experiments that if ischaemia was 
produced by occluding for 30 minutes or more the superior 
mesenter ic a r te ry , while the liver at the same time was auto-
perfused (from the femoral ar tery to the splenic vein) the 
phagocytic function was significantly decreased, suggesting that 
a toxic substance was l iberated by the ischaemic bowel and then 
transported to the liver where it suppressed the "reticuloen­
dothelial sys tem". 
The dual supply to the liver is unequally affected, Muller et al 
(1963) reported that portal vein res i s tance rose five t imes more 
than the hepatic a r te r ia l res i s tance, s imilarly the portal vein 
was more affected than the hepatic a r ter ia l flow. 
The problem of portal and l iver pooling is not new and is not 
yet solved. Wiggers (1950) thought that the portal flow was 
obstructed in the l iver, causing portal congestion and favouring 
pooling of blood in the intestinal capi l lar ies; experimental support 
came from Shoemaker et al (1962), who showed engorgement 
of the hepatic vein and sinusoids, and compression of the hepatic 
columns, with disruption of the per icentra l archi tecture . 
Swelling of the hepatic cel ls could compress (Selkurt 1964) seg­
ments of the hepatic vasculature. Relief of this hypothetic venous 
pooling, by an end to side portocaval shunt did not prevent the 
necros is of the small bowel and subsequent i rrevers ibi l i ty 
(Lillehei et al 1964). Porta l and hepatic angiographic and mano-
m e t r i c studies did not support the idea of portal congestion. 
Penn et al (1963) commented that during reinfusion portal cal iber 
recovered its normal size and Simeone (1965), working with 
radioactive erythrocytes did not obtain any evidence of a signifi­
cant pooling in the l iver and splanchnic bed, when the animal was 
already deteriorating. 
In an recent work (1967) Appel et al, observed that 2 / з of their 
dogs showed an increase in portal vein diameter without a 
concomitant increase in ar ter ia l and portal vein p r e s s u r e ; in 
their view these were signs of portal pooling. 
In i r revers ib le shocks in the later stage, 'Fr iedman (1961) 
observed that the portal vein was engorged but not obstructed 
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and during the "agonal period" portal vein diameter decreases 
and portal pressure rises (Appel et al 1967). 
M e t a b o l i s m 
It is impossible to estimate all the metabolic changes that occur 
during shock. Our knowledge is not sufficiently clear in this 
respect. Migone (1962) commented that, the reported results are 
difficult to compare, because not only do factors and conditions 
vary in every experiment, but also organ response in the different 
stages of shock. On the other hand peripheral blood samples may 
not reflect the true metabolic changes in a particular organ, if 
this organ is excluded from the circulation. 
Despite all these remarks, it is possible to outline the most 
important metabolic and blood changes, without creating confusion. 
In the early stages of shock, hyperglycemia is associated with 
a fall in "liver glycogen" as a result of adrenaline increase 
(Stoner et al 1960), glycogen content in all the muscles is reduced 
while glycogen reserves in the heart may even increase (Migone 
1962). The temporary "hyperglycemic state" is also maintained 
by the action of increased adrenal corticoids in the new formation 
of carbohydrate from lactate, pyruvate and probably from amino-
acids (Levenson et al 1964). 
Vital organ function is prolonged, if the body has enough carbo-
hydrate in reserve. Strawitz et al (1960) observed that fasting 
rats (with lower glucose stores) submited to haemorrhagic shock, 
died sooner than fed animals. As hypoxia increases and anoxia 
is establishes, energy is channeled through anaerobic conditions, 
anaerobic carbohydrate metabolism in shock yields only a small 
amount of energy (Smith et al 1964), hence to compensate this 
deficit, there is a rise in peripheral glucose utilization (Drucker 
et al 1964) and as a consequence glucose level in blood decreases. 
The anoxic liver can not form glycogen (Mignone 1962). Lactate 
and pyruvate accumulates as end products of anaerobic carbo-
hydrate metabolism, but the increase of lactate is greater; this 
was called excess lactate (Huckabee 1958). 
This dissociation is thought to reflect the extent of anerobic 
metabolism. During the process of supporting the circulation, 
proteins leave the tissular compartment for the vascular, but in 
shock (especially traumatic shock) there is also an increase in 
protein breakdown to protein synthesis ratio (Sayers et al 1945). 
Tissue protein breakdown and oliguria, combine to elevate the 
concentration of most of the plasma non-protein nitrogen com-
ponents, e.g: urea, creatinina, uric acid and amino nitrogen, 
being generally proportional to the severity of the shock (Leven-
son et al 1961). The slow removal of aminoacids from the blood 
by the toxic liver (Wilhelmi 1948) makes matters worse. In 
advanced shock, cellular injury in itself will release proteases, 
proteases activators, protein breakdown products, smaller mole-
cules and ions, particularly K+ (Ungar 1961, Hagberg et al 1967). 
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Hyperpotassemia and hyponatremia are usual findings in late 
shock, as well as high ammonia level in blood (Cowley et al 1960). 
Lipolysis of t r iglycerides to free acids is accelerated in the 
initial shock, probably by direct action of the catecholamines 
(Levenson et al 1961), but as the liver becomes depressed by the 
anoxia, the production of ketones diminishes. (Engel et al 1953). 
B l o o d f a c t o r s 
Early in shock a tendency for micro- thrombi formation is known 
to exist (Robb 1963). The consumption of clotting factors (Harda-
way 1968) during this period of "hypercoagulability" may explain 
the next s tage: hypocoagulability. Tagnon et al (1946) found 
late in shock a decrease in prothrombin and fibrinogen and an 
increase in fibrinolysis. Lim et al (1968) reported a decrease of 
fibrinogen concentration (70%) in dogs t reated with heparin and 
absence of emboli in lungs, l iver or kidney, however the in-
coagulability of the blood usually seen pos t -mor tem appears to 
be related more to the activity of the fibrinolytic system than 
to defibrination (Sherry 1961). 
B) CATECHOLAMINES AND CIRCULATORY FAILURE DURING 
HAEMORRHAGIC SHOCK 
During the compensatory period, total peripheral vascular r e s i s -
tance and regional res is tances are increased. As we have seen 
mesenter ic (Lillehei et al 1964), renal (Fell 1966), pulmonary 
(Rothe et al 1964), and skeletal muscular (Smith et al 1965) 
vascular res is tances a re more affected. Apart from reducing 
the vascular bed, especially on the venous side (Heymans et al 
1958), catecholamines also favour fluid shift from extra to 
intravascular space, by creating a predominancy of the p r e -
capillary sphincter over the post-capil lary ones, thus decreasing 
the capillary hydrostatic p re s su re (Mellander et al 1963). It is 
obvious that redistribution of available blood following haemorrha-
ge is necessary and is "life saving", but as shock p rogres ses , 
because of no adequate t reatment , the temporary benefits of high 
catecholamines in blood reduces the blood supply to some organs 
(intestine, kidney) to such a degree that it is incompatible with 
t issue life. 
When the animal begins to take up blood from the r e se rvo i r it is 
known that his circulatory system is failing, requiring more and 
more volume to maintain the same p re s su re . In those c i rcum-
stances "total peripheral r e s i s t ance" generally decreases (Rothe 
et al 1964) from the previous high levels , observed during the 
compensatory period. At this stage blood is beginning to be 
distributed over a wider a rea of capillary bed (we must remember 
that the capacity of the microcirculatory bed is as much as 60 
thousand miles of vascular channels: Hersey 1964); because 
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pre-capi l lary sphincters and res i s tance vesse ls a re no longer 
able to remain constricted..This can be explained by one or a 
combination of several factors: 
a) Accumulation of metabolites and/or lack of nutrients that will 
cause a relaxation of vascular smooth muscle (Mellander et al 
1963) on the pre-capi l lary segment. 
b) As described previously (page 24), it is possible that toxic 
substances, re leased by the ischaemic gut (Selkurt et al 1961) or 
l iver (Shorr et al 1951), contributes to circulatory collapse. 
c) Refractoriness to catecholamines may be due to exhaustion of 
specialized metabolic p r o c e s s e s , ra ther that to metabolic acidosis 
(Walton et al 1959). 
d) Because of maintaining extreme pre-capi l lary res i s tances 
that were regulating the by-pass of blood supply, damage or 
exhaustion of vascular smooth muscle of pre-capi l lary sphincter 
and res i s tance vesse ls could occur. Walton et al (1959), Lillehei 
et al (1964) reported high plasma catecholamine levels during the 
whole hypotensive period. We also found a considerable increase 
during bleeding but a quite large increase during the compensatory 
period and the period of failure (unlike Lil lehei 's experiment, 
our main increase was after bleeding and not during bleeding, 
this difference seems to be related to bleeding speed). See next 
fig. 
Plasma adrenaline 
Plasma noradrenaline 
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FIG. S. MEAN PLASMA CATECHOLAMINES LEVELS DURING THE PERIOD OF 
BLEEDING AND AT 60 mm Hg MEAN PRESSURE. The pre-haemorrhagic levels for 
catecholamines were: adrenaline: 0.60 ug/1 and nor-adrenaline: 0.20 ug/1. (All our 
samples for catecholamine determinations were taken under anaesthesia and after 
cannulatlon of femoral vessels). 
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Plasma catecholamines re turn to more normal levels during 
retransfusion, but only to increase again (in i r revers ib le cases) 
when the animal is dying (Lillehei et al 1964). In these c i rcum-
stances it is difficult to consider failure of the suprarenale 
(Frank et al 1955). Nevertheless , we must r emember that 
sympathetic nerve endings in t i ssues produce more than enough 
for local action on the peripheral vesse ls (Fine 1965). 
C) REFRACTORY PERIOD AND PHENOXYBENZAMINE 
One of the reasons why we extended the period of oligemic 
hypotension to 4hr 30 min, was because 3hr 30 min or less was 
not enough for the production of a high incidence of i r revers ib le 
shock cases . This means , that despite the onset of circulatory 
failure, shock was still revers ib le . In other words: a "refractory 
per iod" was accepted as a still t reatable period. 
This refractory period has ill defined l imits , therefore we can 
only identify the beginning of this period with the beginning of 
circulatory fai lure, but it is impossible even to suggest where 
the refractory period ends and where the i r revers ib le stage of 
shock s t a r t s . When the circulatory system was beginning to fail, 
but the dog was still able to recover from shock (refractory 
period) an I.V. infusion of phenoxybenzamine was instituted to 
half of our shock animals, but the same ar ter ia l p re s su re 
(60 mmHg-mean) that caused the onset of circulatory failure was 
maintained until retransfusion of the shed blood was due (4 / 2 h r 
of hypotension). Circulatory failure, as we have seen is a result 
of failure of the pre-capi l lary sphincter and res is tance vesse ls 
to respond to catecholamines, while post-capil lary res is tance 
vesse l s a re sti l l able to respond to adrenergic stimulation. Proof 
of this theory is intended to be given by the effects of phenoxy-
benzamine in our own experiment (see next chapter). 
Several workers have already used phenoxybenzamine, Lillehei 
et al (1964) and Stekiel et al (1967) t rea ted dogs with phenoxy-
benzamine before bleeding to shock levels , and Bouwes-Bavinck 
did this as soon as 30 mmHg ar te r ia l p res su re was reached. 
Matsumoto et al (1968) in small group of dogs administered 
phenoxybenzamine when "cell aggregation" was seen by diplo-
microscope in omentum or bowell wall vesse l s . Dogs pre t reated 
with phenoxybenzamine bled slower than the controlled and also 
less . In Stekiel 's experiment they were bled about 30 minutes 
more slowly and 4 ml/Kg less than controlled dogs; in this case 
we think that the "bleeding t ime" difference is very important 
because p re - t r ea t ed animals by their longer bleeding time are 
also able to readjust and compensate their circulating volume 
bet ter than an animal that is bled fast. Similar comments could 
be made for Lil lehei 's experiments . Therefore their good resul ts 
with phenoxybenzamine should be taken with reservat ions . In 
Bouwes-Bavink's experiment as soon as 30 mmHg was reached, 
the t reated dogs took back some of the removed blood, therefore 
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the non-treated ones were at a disadvantage, since they faced the 
compensatory period with less circulating blood. In Matsumoto's 
experiments phenoxybenzamine was given too late, however half 
of their dogs improved with this drug. 
Phenoxybenzamine is a powerful " α blocker", it is six to ten 
t imes more potent than dibenamine, and both originate from the 
"haloalkyamine group" (Nickerson 1965). 
(I v— 0-CH,CH 
Phenoxybenzamine . . 
Vl-CHaCHjCI 
This drug acts on the adrenergic receptors of the circulatory 
system. Its mechanism is probably to reduce the total available 
population of receptors (Nickerson 1965). 
Ahlquist (1948) divided the adrenergic receptors in two groups: 
α receptors , with a vasoconstrictive action in vascular smooth 
muscle and /Í receptors with a vasodilator effect in vascular bed, 
but an exitatory effect in the heart . 
The vasodilatation induced by phenoxybenzamine depends on the 
degree of rest ing vasomotor adrenergic control and total c i rcu-
lating blood volume. In haemorrhagic shock phenoxybenzamine 
will cause a rapid and dangerous decrease of blood p r e s s u r e , if 
no adequate intravascular fluid is given simultaneously to fill up 
the la rger vascular bed created by the drug. However, in healthy, 
normovolemic and recumbent subjects, phenoxybenzamine causes 
little change in the vascular system (Nickerson 1965). Because 
the degree of vasomotor adrenergic discharge is ra ther high 
in hypovolemic shock, we have been using phenoxybenzamine * as 
a slow infusion by means of an automatic syringe in a dose of 
1 mg/Kg/hour , which means that a total dose of 1 mg/Kg was 
•Dibenzyline: Smith, Kline & French Laboratories. 
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reached at the end of the first hour, and so on. The effects of the 
drug became clear already 10-15 minutes after the start of the 
infusion as the spontaneous uptake from the reservoir increased; 
in other words with only 0.25 mg/Kg the effects of adrenergic 
blockade were already apparent. Because this drug was adminis-
tered continuously until retransfusion was due, the uptake from 
the reservoir ran parallel to the effect of adrenergic blockade 
and degree of circulatory failure. 
D) FACTORS THAT MAKE SHOCK IRREVERSIBLE IN DOGS 
It is said that a shock is irreversible, when it does not respond 
to any treatment, and progresses irresistibly to death. 
The irreversible stage in shock begins, in our experimental 
design, in the later part of circulatory failure. 
In haemorrhagic shock it is ischaemic anoxia, followedby stagnant 
anoxia that leads to irreversibility. "Ischaemic anoxia" is the 
predominant feature in the compensatory period, while "stagnant 
anoxia" is predominant in the period of failure. Both of these are 
only a progression of the same phenomenon: poor blood flow, 
which affects some tissues or organs more than others. 
Which organ or tissue sets the stage for irreversibility? This is 
hard to answer; but despite the complexity of the problem, 
information gained in the laboratory in the last few years, 
permitted us to use some facts in the evaluation of the possible 
causes or factors that contribute to, or aggravate the mechanisms 
of shock. Experimental evidence now exists that the intestine 
with a very precarious blood supply is the one to suffer most 
from the burdens of ischaemia. 
In the dog the intestinal submucosal layer has innumerable 
arterio-venous shunts and the end-arteries lie in the mucosa 
itself (Spanner 1932), while in the human the end-arteries lie in 
the submucosa. In haemorrhagic shock conditions, the dog's 
mucosa will be by-passed, while in humans the submucosa will 
be the layer to suffer most from a curtailment of their normal 
blood supply. This anatomic difference may account for the fact 
that intestinal lesions like necrosis and sloughing are easily 
seen in the intestine of the dog. 
We have studied the intestines of some dogs during the period of 
compensation and during failure. In the animals explored early 
in shock (ischaemic anoxia), the intestine was very pale and 
hardly bled if it was cut, but in the animals explored during 
circulatory failure (stagnant anoxia), the intestinal wall was 
blueish and bled thick blood when cut. The mucosa showed 
petechial haemorrhage. If the animal died during the experimental 
procedure, usually gross bleeding and sloughing of the mucosa 
were seen (with one exception) while no macroscopic changes were 
noted in other organs apart from being very pale (lung) or 
reduced in size (heart, liver, spleen). Microscopic destruction 
of the bowel is probably a farther stage; there is evidence that 
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before that stage, toxic material is l iberated from the bowel. 
Selkurt et al and Hershey et al (1961) claimed that a vaso-
depressor mater ia l is released by the animal in circulatory 
failure; this toxic substance may explain why the pre-capi l la ry 
res is tance vesse ls failed to respond to catecholamines. 
In a succession of experiments Blat terberg and Levy (1962) 
demonstrated that a toxic substance l iberated by the ischaemic 
bowel was capable to depress the phagocytic action of the 
reticuloendothelial system. 
Reduction of myocardial efficiency during retransfusion is p r o -
bably due to a cardiotoxic substance (Gomez et al 1964) washed 
out from the ischaemic bowel. 
Toxine produced by gram negative bacter ia and liberated by the 
intestine as a consequence of diminished defense b a r r i e r , was a 
theory favoured by Fine et al (1959) as a cause of i r revers ib i l i ty . 
Later Fine (1962) produced further experimental evidence by 
giving to a recipient animal, submited to haemorrhagic shock, 
for two hours a "liver homogenate" from another shock-animal 
that was pre- t rea ted with a non-absorbable antibiotic. If this 
was the case the animal survived. If the donor was not p re - t r ea ted 
with antibiotics the animal died. 
Other experiments have not supported this claim. Nagler et al 
(1961) could not find evidence of endotoxines. Hersheyet al (1961), 
working with a shock set up in which the superior mesenter ic 
a r te ry was ligated, were unable to demonstrate septicemia. 
Lillehei et al (1964) were unsuccessful with dogs p re - t r ea ted 
with antibiotics, and Einheber (1961) could not prevent death in 
germ-free animals. 
The liver itself can aggravate or contribute to i r revers ibi l i ty : 
a) by being unable to employ the normal available mechanisms 
for detoxification of the organism (Selkurt 1964) 
b) by severely curtailing the supply of nutrients (e.g. glucose). 
(Hift et al 1961). 
c) by reducing enzymatic capacity (Loiselle 1960). 
d) by liberation of a toxic vasodepressor mater ia l , like "reduced 
ferr i t in" instead of the oxidized form (Shorr et al 1951). 
Portal congestion is probably only a sign of blood stagnation and 
not the cause of i r revers ibi l i ty . Evidence gained with portocaval 
shunts (Lillehei et al 1964) demonstrated th is . During r e t r a n s -
fusion it is possible that some pooling occurs , but if this is the 
case , pooling will have little to do with the fate of the animal. 
Red cell aggregation is a physiological and revers ible phenomenon 
(Schmid-Schoenbein 1968), but in shock sludged blood (Knisely 
1965) dissemeninated intravascular coagulation (Hardaway 1963) 
and cell aggregation may form a combined entity that could be 
responsible for total obstruction of already reduced capillary 
flow (see pag 59). 
Guyton et al (1961) and Crowell et al (1964) see the heart as the 
responsible organ in a viscious c i rc le leading to i r revers ibi l i ty . 
Their evidence was based on the finding that left atr ial p re s su re 
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was very high in the i r revers ib le cases , andthis , in their opinion, 
showed the inability of the left ventr icle to pump what the left 
atr ium offered. Observations made by other investigators do not 
support this theory. Simeone (1965) demonstrated that myocardial 
work was normal during retransfusion, although the animal 's 
circulatory system could not maintain blood p r e s s u r e ; he agreed 
that eventually atr ial p re s su re r i s e s to high levels , but this was 
immediately preceding death. Lillehei et al (1964) commented 
that even in the presence of necrotic bowel and other visceral 
damage the heart was capable of producing a good output provided 
adequate venous re turn and reduced peripheral res is tance were 
present . 
E) PATHOLOGICAL-ANATOMIC FINDINGS 
In man, a commonly found lesion among others is the pooling of 
blood in the corticomedullary junction of the kidney (Rubin et al 
1965). In dogs the intestinal haemorrhagic necros is is predominant 
(Lillehei et al 1964, Bouwes Bavink 1964). In our i r revers ib le 
shock cases that died within 12 hours after retransfusion, we 
found gross melena and clear intestinal necros is (macroscopic), 
as well as a grossly distended stomach. In one case the bowel and 
the stomach were perforated at the site of the severes t necros is . 
Microscopic examination of fresh bowel specimens revealed 
capillary stagnation with extravasation of blood. (See fig 6). 
We could not identify macroscopic lesions in the l iver , but they 
were clearly present microscopically: per icentra l oedema and 
s tas i s of blood in the sinusoidal bed (see fig 7); in the spleen and 
kidney stagnation of blood and in the la te r : infraglomerular 
epithelial reflux (see fig 8). 
Macroscopic examination of the lung did not reveal atelectasies 
which Henry et al (1967) reported. (It is possible that we prevented 
it by inflating the lung at the end of the experiment) . However we 
saw free blood in the bronchi (reported also by Sealy et al 1966). 
The microscopic examination of lung t issue demonstrated capil la-
ry disruption with stagnation of blood and t issue oedema, (see 
fig 9) as well as evidence of alveolar bleeding. 
Dogs that survived shock, but were sacrificed one week la ter , 
showed little or no abnormali t ies, except for healing necros is 
(scar) in the intestine that we saw in a few cases . As a r e m e m -
brance of local t issue damage in other organs we saw m i c r o s -
copically: cell regeneration and re s t of necros i s , in the liver 
(pericentral); in the kidney (tubular) and in one case in the 
myocardium. In one dog we found in the spleen, a "Gamna Gandy 
body" (calcino-sidero-fibrotic nodule), that is usually considered 
a sign of a healing necros is . 
In r e sume: we found in i r revers ib le shock cases evidence of 
capillary stagnation and t issue oedema in splanchnic organs and 
lung, and examination by naked eye showed gross necrosis of the 
intestine. 
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FIG. 6. MICROSCOPIC ANATOMY OF THE ILEUM IN A CASE OF IRREVERSIBLE 
HAEMORRHAGIC SHOCK. Capillary stagnation and extravasationof blood are visible, 
as well as some epithelial damage. 
FIG. 7. MICROSCOPIC ANATOMY OF THE LIVER IN A CASE OF IRREVERSIBLE 
HAEMORRHAGIC SHOCK. The pericentral sinusoidal bed is filled up with erytrocytes. 
Cell oedema is also apparent. Degeneration of liver cells can be seen on the left side 
of the central vein. 
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FIG. 8. MICROSCOPIC ANATOMY OF THE KIDNEY IN A CASE OF IRREVERSIBLE 
HAEMORRHAGIC SHOCK. Three glomeruli are shown with clear infraglomerular 
epithelial reflux. The glomeruli themselves are partially collapsed. 
FIG. 9. MICROSCOPIC ANATOMY OF THE LUNG IN A CASE OF IRREVERSIBLE 
HAEMORRHAGIC SHOCK. Blood stagnation and extravasation are visible together 
with disruption of alveolar tissue. Note also the exudation in alveolus (left one). 
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F) ACID-BASE BALANCE IN THE EXPERIMENTS 
Metabolic acidosis (usually compensated) was present in every 
dog and normally it improved in the t reated dogs. (See next table). 
TABLE I. BLOOD GASES AT THE END OF THE 60 mmHg MEAN 
ARTERIAL PRESSURE PERIOD 
In d o g s t h a t s u r v i v e d 
PH 
PCO 2 
St. bic 
B.B 
B.E 
PH 
PCO2 
St. bic 
B.B 
B.E 
PH 
pco 2 
St. bic 
B.B 
B.E 
7.28 
28.5 
13.5 
27 
-12 
7.31 
37.5 
19 
42 
-6.5 
7.32 
40 
18 
39 
-8 
7.29 
24.5 
14.4 
34.2 
-13.5 
7.31 
19 
14.5 
38 
-14 
7.28 
19.5 
11.4 
26.8 
-16.5 
7.32 
23.5 
14.5 
34 
-12 
7.40 
13.5 
13 
30.5 
-14.5 
7.23 
35.5 
15 
33.4 
-11.5 
7.33 
23 
12.8 
27.5 
-13.2 
7.34 
31.5 
18 
38.5 
-7.5 
7.39 
23.5 
15.8 
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-10 
7.40 
24.5 
17 
36 
-8.5 
7.42 
26 
19 
38.5 
-6.5 
7.26 
30 
13.7 
28.8 
-12.5 
I n d o g s t h a t d i e d 
PH 
РС02 
St. bic 
B.B 
B.E 
7.24 
32 
14 
31 
-12.5 
7.35 
24.5 
15.5 
32.5 
-11 
7. 
28 
19 
45 
-6. 
38 
5 
7.34 
25.5 
16 
35.5 
-20 
7.28 
18.8 
12 
28 
-16.5 
35 
PH 
PC02 
St. bic 
B.B 
В.E 
PH 
pco 2 
St. bic 
B.B 
B.E 
7.27 
17 
11.7 
29.2 
-17.8 
7.29 
10 
9 
24 
-21.5 
7.34 
25 
16.5 
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-10 
7.23 
14.5 
10 
25.5 
-20.5 
7.35 
14 
13.5 
34 
-16 
7.27 
23 
12.8 
30 
-15 
6.98 
20 
7 
20.8 
-28 
7.37 
10.5 
10.4 
26 
-18 
7.26 
9 
10 
28 
-23.5 
7.34 
21 
14.5 
33 
-12.5 
The difference on the "base e x c e s s " (B.E.) value between dogs 
that survived and died, was also statistically (Wilcoxons's two 
sample test) highly significant (P= 0.006). 
This indicates the severity of the metabolic acidosis in the i r r e ­
versible shock c a s e s . The fact that some i r revers ib le cases 
appeared to have less severe metabolic acidosis than survivals is 
difficult to explain; however we can speculate on this, and state, 
that the animal in severe shock had areas completely excluded 
from the circulation, and therefore our blood samples could not 
be an indicator of the acid-base status of the excluded t i s sues . 
G) URINE SECRETION 
The difference in the urine output (duringthe period of spontaneous 
uptake) between treated and untreated dogs was obvious. Dis­
regarding weight and uptake period, urine output among the 
surviving cases fluctuated between 13 to 105 ml, while the dogs 
which progressed to i rrevers ibi l i ty had urine outputs between 
0 and 5 ml. 
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CHAPTER V 
B L O O D V O L U M E IN E X P E R I M E N T A L H A E M O R R H A -
G I C S H O C K . ( R E S U L T S OWN E X P E R I M E N T S ) 
a) INTRODUCTION 
After establishment of our standard technique, we divided our 
experiments in four groups. All groups were ca r r i ed out in a 
s imi lar manner, until the stage of circulatory failure was reached. 
F rom this moment, the first group took up spontaneously their 
amount of own blood, the second: rheomacrodex solution, the 
third: haemaccel solution and the fourth: Ringer ' s solution to 
keep the ar te r ia l p res su re at 60 mmHg. Half of each group 
recieved phenoxybenzamine 1 mg/Kg/hour intravenously by means 
of an automatic syringe. 
At the end of the completion of 4 hours 30 minutes on 60 mmHg 
mean ar ter ia l p r e s s u r e , all the shed blood was returned to all 
the dogs, and the group that took up par t of their own blood during 
the period of failure was given, immediately after the remaining 
shed blood was infused, an amount of Ringer 's solution equal to 
the blood taken up during the period of failure. In other words, 
every dog received all the blood removed (except blood used as 
blood samples) plus an "X" amount of fluid spontaneously taken 
up during failure period or an equivalent of it. 
Rheomacrodex and haemaccel were used in the "second" and 
"third" group respectively, because by being both plasma expan-
de r s , we thought they could reduce plasma pooling by retaining 
it inside of the capi l lar ies and probably they could also reduce 
cell aggregation (Gelin et al 1961). Ringer 's solution was used 
for the "last group since recent repor ts (Shires et al 1964; 
Dillon et al 1966; Baue et al 1967) claimed that replenishment of 
depleted intersti t ial fluid improved survival. (See chapter 6 for 
discussion). 
b) BLOOD VOLUME IN NON TREATED AND TREATED DOGS 
The following resul ts a re calculated in percentage from the 
actual blood volume difference between pre-haemorrhagic and 
post-transfusion blood volume. 
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TABLE II-1. NON TREATED GROUPS 
Pre-haemorrhagic Post-transfusion Blood volume 
blood-volume in ml blood volume in ml difference in % 
and equivalent per Kg. and final state 
body weight 
' DOGS THAT TOOK UP THEIR OWN BLOOD 
1st dog 1350 (84.4) 
2nd " 1450 (111.5) 
3rd " 1350 (90.0) 
4th " 1210 (96.8) 
5th " 650 (76.5) 
1100 
1150 
1260 
1100 
500 
-18.5 (died) 
-20.7 (died) 
- 6.7 (survived) 
- 9.1 (survived) 
-23.1 (died) 
DOGS THAT TOOK UP RHEOMACRODEX (PH 4.5)* 
11th " 1500 (78.9) 
12th *' 1950 (88.6) 
13th " 1350 (67.5) 
14th " 920 (92.0) 
15th " 1650 (94.3) 
1125 
1350 
950 
720 
1500 
-25.0 (died) 
-30.8 (died) 
-29.6 (died) 
-21.7 (died) 
- 9.1 (survived) 
DOGS THAT TOOK UP HAEMACCEL (PH 7.2)** 
21st " 1350 (96.4) 
22nd " 1530 (105.5) 
23rd " 1080 (83.1) 
24th " 1250 (83.3) 
25th " 1300 (86.7) 
1100 
1170 
880 
1110 
960 
-18.5 (died) . 
-23.5 (died) 
-18.5 (died) 
-11.2 (survived) 
-26.1 (died) 
DOGS THAT TOOK UP RINGER'S SOLUTION (PH 7.8) 
31st " 1200 (85.7) 
32nd " 1100 (81.5) 
33rd '* 1240 (88.6) 
34th " 1240 (82.7) 
35th " 750 (75.0) 
* Rheomacrodex: Pharmacia 
** Haemaccel : Hoechsi 
900 
1000 
860 
940 
580 
-25.0 (died) 
- 9.1 (survived) 
-30.6 (died) 
-24.2 (died) 
-22.7 (died) 
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TABLE II-2. GROUPS TREATED WITH PHENOXYBENZ AMINE 
Pre-haemorrhagic 
blood volume in ml 
and equivalent per Kg 
body weight 
Post-transfusion 
blood volume in ml 
Blood volume 
difference in % 
and final s tate 
DOGS THAT TOOK UP THEIR OWN BLOOD 
6th dog 1290 (86.0) 
7th " 540 (67.5) 
8th " 1300 (89.6) 
9th " 1260 (90.0) 
10th " 1900 (100.0) 
1015 
600 
1240 
1200 
1820 
-21.3 (died) 
+11.1 (survived) 
- 4.6 (survived) 
- 4.8 (survived) 
- 4.2 (survived) 
DOGS THAT TOOK UP RHEOMACRODEX (PH 4.5 ) 
16th 
17th 
18th 
19th 
20th 
" 1750 (92.1) 
" 1750 (79.5) 
" 1300 (81.2) 
" 560 (70.0) 
" 1080 (90.0) 
1800 
2450 
1350 
620 
1080 
+ 2.8 (survived) 
+40.0 (survived) 
+ 3.8 (survived) 
+10.7 (survived) 
0.0 (survived) 
DOGS THAT TOOK UP HAEMACCEL (PH 7.2) 
26th ' 
27th ' 
28th ' 
29th ' 
30th ' 
' 900 (66.7) 
' 1010 (80.8) 
' 960 (96.0) 
* 620 (65.3) 
' 1330 (95.0) 
960 
1010 
920 
610 
1200 
+ 6.7 (survived) 
+ 0.0 (died) 
- 4.2 (survived) 
- 1.6 (survived) 
- 9.8 (died) 
DOGS THAT TOOK UP RINGER'S SOLUTION (PH 7.8) 
36th ' 
37th * 
38th * 
39th ' 
40th ' 
' 1310 (100.8) 
* 940 (78.3) 
* 1090 (90.8) 
' 1320 (85.2) 
1
 1350 (90.0) 
1290 
910 
1000 
1330 
1250 
- 1.5 (survived) 
- 3.2 (survived) 
- 8.2 (survived) 
+ 0.7 (survived) 
- 7.4 (survived) 
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As the resu l t s showed, dogs with loss of circulating blood volume 
of more than 11.2% died within 12 hours. These large poolings* 
happened in all the non-treated cases with exception of dogs 
No 3, 4, 15, 24 and 32nd. 
Dogs t rea ted with phenoxybenzamine during the refractary period 
showed post-transfusion circulating blood volumes close to p r e -
haemorrhagic levels and all survived, except three dogs (No 6, 
No 27 and No 30). 
There were seven cases with an increase m circulating blood 
volume, after retransfusion (No 7, No 16, No 17, No 18, No 19, 
No 26 and No 39). This finding was consistently present in the 
rheomacrodex-phenoxybenzamine group. The enormous increase 
in the circulating blood volume of dog No 17 was unusual, but 
nevertheless we regarded it as a t rue increase , since it was 
checked and re-checked with the same radioisotope on different 
successive t imes and with new injections of 1125. 
On the other hand some non-treated dogs survived, (dog No 3, 
No 4, No 15, No 24 and No 32), but all these dogs showed only 
moderate pooling. 
The average blood volume was 83.4 ml/Kg with fluctuations 
between 66.7 ml/Kg and 111.5 ml/Kg. This large variation in 
circulating blood volume showed clearly the need to measure it 
in every animal, if haemorrhagic shocks with comparable amounts 
of bleedings were to be produced. It is difficult to judge by our 
resu l t s , which type of fluid (own blood, rheomacrodex, haemaccel 
or Ringer ' s sol) was best to administer when the animal was in 
circulatory failure and the p ressu re was maintained at 60 mmHg. 
In the non-treated cases two dogs from the "own blood group" 
survived and one dog in each one of the other groups, while in the 
dogs under phenoxybenzamine t reatment , all dogs survived from 
the rheomacrodex and Ringer 's solution groups, onediedfrom the 
own blood group and two died from the haemaccel group. The 
best balances were in the rheomacrodex treated group. 
The stat ist ical analysis of these resul ts showed that the combined 
test resu l t s (Wilcoxon's two sample test) , justify the conclusion 
that the blood volume "difference" in % is systematically lower 
for the untreated dogs. 
The next figure shows a graphic difference of these resu l t s . 
*In this study "pooling" means blood or plasma no longer circulating. 
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Frequency 
0.40-1 
0.30 
0.20-
0.10-
SURVIVED 
0. 10-
0.20-
0.30 
0.40 
0.50-1 
DIED 
ι ι ι ι ι ι ι ι 
-35.05 -25.05 -15 05 -5.05 +4.95 +14.95 +24.95 +34.95 +44.95 
Blood Volume diFFerence (,0/o) 
FIG. 10. Frecuency distribution of the dead and surviving dogs (ordinate), in relation 
to the blood volume differences in percentages after retransfusion compared with 
pre-haemorrhagic values (abcisse). 
C) LENGTH AND DEGREE OF CIRCULATORY FAILURE 
In the following table the length of the circulatory failure period 
(uptake period) is indicated as well as the total amount of fluid 
taken up per Kg body weight and the m i ' s taken up per Kg/body 
weight per hour of circulatory failure. 
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TABLE III- l . 
Length of circulatory Total amount Amount taken ml taken up 
failure taken up up per Kg per Kg/hr. of 
circulatory 
failure 
OWN BLOOD (no phenoxybenzamine) 
1st 
2nd 
3rd 
4th 
5th 
dog 
tt 
π 
и 
11 
215 
185 
165 
200 
175 
min 
l i 
II 
II 
I I 
242 mi 
190 " 
140 " 
160 " 
100 " 
15.1 mi 
14.6 " 
9.3 " 
12.8 " 
11.8 " 
4.2 mi 
4.7 " 
3.4 " 
3.8 " 
4.0 " 
6th 
7th 
8th 
9th 
10th 
OWN BLOOD (with phenoxybenzamine) 
170 " 400 " 26.7 " 
170 " 200 " 25.0 " 
180 " 300 " 20.7 " 
183 " 410 " 29.3 " 
205 " 520 " 27.4 " 
9.4 " 
8.8 " 
6.9 " 
9.6 " 
8.0 " 
RHEOMACRODEX (no phenoxybenzamine) 
l l t h " 
12th " 
13th " 
14th " 
15th " 
225 " 
180 " 
110 " 
180 " 
170 " 
290 " 
280 " 
180 " 
220 " 
450 " 
15.3 " 
12.7 " 
9.0 " 
22.0 " 
25.7 " 
4.1 " 
4.2 " 
4.9 " 
7.3 " 
9.1 " 
RHEOMACRODEX (withphenoxybenzamine) 
16th " 
17th " 
18th " 
19th " 
20th " 
165 " 
105 " 
125 " 
205 " 
175 " 
320 " 
420 " 
230 " 
210 " 
180 " 
16.8 " 
19.1 " 
14.4 " 
26.2 " 
15.0 " 
6.1 " 
10.9 " 
6.9 " 
7.1 " 
5.1 " 
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TABLE III-2. 
Length of circulatory Total amount Amount taken ml taken up 
failure taken up up per Kg per Kg/hr . of 
HAEMACCEL (no 
21st dog 210 min 
22nd " 175 " 
23rd " 210 " 
24th " 203 " 
25th " 220 " 
350 ml 
190 " 
170 " 
300 " 
250 " 
phonoxybe nzamine) 
25.0 ml 
13.1 " 
13.1 " 
20.0 " 
16.7 " 
circulatory 
failure 
7 .1ml 
4.5 " 
3.7 " 
5.9 " 
4.5 " 
26th 
27th 
28th 
29th 
" 170 
" 230 
" 230 
" 250 
HAEMACCEL (with phenoxybenzamine) 
470 " 34.8 " 12.3 " 
350 " 28.0 " 7.3 " 
" 350 " 35.0 " 9.1 " 
150 " 15.8 " 3.8 " 
30th " 125 " 290 " 20.7 " 9.9 " 
RINGER'S SOLUTION (no phenoxybenzamine) 
31st " 185 " 580 " 41.4 " 13.4 " 
32nd " 130 " 330 " 24.4 " 11.3 " 
33rd " 195 " 460 " 32.8 " 10.1 " 
34th " 200 " 620 " 41.3 " 12.4 " 
35th " 155 " 410 " 41.0 " 15.9 " 
RINGER'S SOLUTION (with phenoxybenzamine) 
36th " 190 " 1250 " 96.1 " 30.4 " 
37th " 185 " 650 " 54.2 " 17.6 " 
38th " 180 " 1100 " 91.7 " 30.6 " 
39th " 134 " 520 " 33.5 " 15.0 " 
40th " 170 " 1320 " 88.0 " 31.1 " 
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The period of circulatory failure (as the table showed), varied 
between Ihr 45 min the shortest , to 4hr 10 min the longest, but 
most of the dogs began to fail after Ihr 15 min in oligemic 
hypotension. 
The amount taken up was as little as 3.4 ml/Kg/hour of own blood 
(dog No 3) and as large as 31.1 ml/Kg/hour of Ringer 's solution 
(dog No 40). 
The dogs t reated with phenoxybenzamine, as was expected, took 
up more during circulatory failure, than non-treated dogs. We 
should note some higher uptakes among non-treated cases (in the 
group of rheomacrodex: No 14, No 15; in the haemaccel; No 21; in 
the Ringer 's solution: No 35). Contrary to the t reated group, in 
these c i rcumstances higher uptakes meant i r revers ibi l i ty , because 
large quantities of circulating blood were immobilized during 
the "pooling p rocess" . 
In the cases t reated with phenoxybenzamine, higher uptakes 
were , we believe mainly a consequence of an increased vascular 
bed (especially the venous bed) that had been under "sympathetic 
adrenergic vasoconstr ictor control" (Renkin 1968). But this 
increased uptake could not have been caused only by the known 
effects of phenoxybenzamine on the capacitance vesse ls ; after 
all circulatory failure was already present and pre-capi l lary 
failure (see chapter 6) must be held responsible for a major 
par t of this uptake. 
Support to this statement is provided by the stat ist ical resul ts 
that showed no significant difference in the uptakes by the dogs 
in the rheomacrodex (P=0.31) and haemaccel (P=0.10) groups, 
between treated and non-treated. However there was a signifi-
cant difference in the blood (P=0.008) and Ringer ' s solution 
(P=0.02) groups). (Test applied was: Wilcoxon's two sample test) . 
A complementary part of the resu l t s , is shown in the next table. 
For the shake of simplicity, we only give four haematocri ts 
(every haemotocrit reading was double checked) for each dog. 
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D) HAEMATOCRIT CHANGES 
TABLE IV-1. 
Рге-bleeding 
haematocrit 
1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 
dog 
I t 
1 ! 
rt 
t ! 
II 
11 
II 
II 
I t 
46 
46 
41 
37 
49 
42 
44 
45 
48 
39 
Haematocrit at the 
end of the compensa­
tory period 
Haematocrit at Post-
the end of transfusion 
60 mm Hg period haematocri t 
OWN BLOOD (no-phenoxybenzamine) 
36 44 
36 40 
34 40 
34 41 
32 46 
OWN BLOOD (with phenoxybenzamine) 
41 
43 
36 
42 
30 
percent of 
prebleedmg 
here OWN BLOOD 
38 
44 
38 
42 
30 
60 
50 
59 
43 
43 
55 
38 
44 
37 
45 
30 
PRE- ENDOF END OF POST-
BLEEDING COMPENS 60 mmHg TRAN5F 
PERIOD PERIOD 
FIG. 11. GRAPHIC REPRESENTATION OF THE HAEMATOCRIT VALUES IN THE 
OWN BLOOD GROUP. All the values are calculated from the initial value taken as 
100. The number behind the line indicates the number of the dog. 
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TABLE IV-2. 
Pre-bleeding Haemotocr i ta t the Haematocrit at Post-
haematocrit end of the compensa- the end of transfusion 
tory period 60 mmHg period haematocrit 
RHEOMACRODEX (no-phenoxybenzamine) 
11th dog 44 
12th " 45 
13th " 45 
14th " 49 
15th " 38 
42 
40 
49 
35 
34 
38 
26 
51 
29 
27 
46 
48 
48 
52 
36 
RHEOMACRODEX (with phenoxybenzamine) 
16th 
17th 
18th 
19th 
20th 
39 
41 
47 
46 
43 
34 
40 
38 
43 
38 
37 
19 
21 
24 
28 
32 
30 
38 
40 
38 
p e r c e n t oF 
prebleeding 
Hcrt RHEOMACRODEX 
Ι^ϋη 
120-
100-
80-
60^ 
ад-
го-
" ^ СГ^Г''?5" 
^Ш^' 
PRE- END OF END OF POST-
BLEEDING COMPENS 60 mmHg TRANSF 
PERIOD PERIOD 
FIG. 12. GRAPHIC REPRESENTATION OF THE HAEMATOCRIT VALUES IN THE 
RHEOMACROOEX GROUP. All values are calculated from the initial value taken as 
100. The number behind the line indicates the number of the dog. 
46 
TABLE IV-3. 
Pre-bleeding 
haematocrit 
Haematocrit at the 
end of the compensa­
tory period 
Haematocrit at Pos t-
the end of transfusion 
6 0 m m H g p e r i o d haematocri t 
HAEMACCEL (no-phenoxybenzamine) 
21st dog 4 5 
22nd " 52 
23rd " 48 
24th " 46 
25th " 49 
42 
40 
41 
34 
47 
34 
46 
37 
30 
45 
47 
54 
48 
45 
58 
HAEMACCEL (withphenoxybenzamine) 
26th 
27th 
28th 
29th 
30th 
" 38 
" 40 
" 48 
" 45 
" 45 
39 
37 
43 
44 
47 
18 
9 
19 
25 
22 
percent of 
prebieedmg 
Hcrt HAEMACCEL 
140-1 
31 
30 
33 
38 
45 
140-
120-
100-
80-
60-
40-
20-
/ 2 » 
y 
• 
^ — — 5 ' ' > 2 , J 1 
« A S ,//> и.» 
"^-"vC""*'»''' '/Λ " 
^Ч vC~"' SS & 
\Му/ 
ν/ 
I 
PRE- END OF END Of POST-
BLEEDING COMPENS. 60 mm Hg TRANSE. 
PERIOD PERIOD 
FIG. 13. GRAPHIC REPRESENTATION OF THE HAEMATOCRIT VALUES Ш THE 
HAEMACCEL GROUP. All values are calculated from the initial value taken as 100. 
The number behind the line indicates the number of the dog. 
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TABLE IV-4. 
Pre-bleeding Haematocrit at the Haematocrit at Post-
haematocri t end of the compensa- the end of transfusion 
tory period 6 0 m m H g p e r i o d haematocrit 
RINGER'S SOLUTION PH 7.8 (no-phenoxybenzamine) 
31st dog 41 
32nd " 33 
33rd " 40 
34th " 48 
35th " 34 
40 
20 
41 
32 
28 
34 
23 
32 
29 
25 
49 
43 
56 
53 
40 
RINGER'S SOLUTION PH 7.8 (with phenoxytaenz amine) 
36th 
37th 
38th 
39th 
40th 
11
 56 
" 49 
" 43 
" 39 
" 46 
41 
43 
36 
33 
46 
21 
22 
13 
20 
14 
43 
41 
33 
31 
43 
percent of 
prebleedmg 
RINGER'S SOLUTION 
M U -
120-
100-
BO-
60-
4 0 -
20-
^ 
Ι ι 
/;<yr 
¡¿ζ / 
yf 
PRE- END OF END OF POST-
BLEEOING COMPENS. 60mmHg TRANSF 
PERIOD PERIOD 
FIG. 14. GRAPHIC REPRESENTATION OF THE HAEMATOCRIT VALUES IN THE 
RINGER'S SOLUTION GROUP. All values are calculated from the initial value taken 
as 100. The number behind the line indicates the number of the dog. 
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As the table shows, haemodilution was the usual feature of the 
compensatory period. The few exceptions (dog No 13, 26, 30 and 
33) and the small "haematocrit decline" in some others probably 
were due to cell mobilization from "cell depots" or blood 
re se rvo i r s with high haematocrit , like spleen and l iver (Baker 
et al 1960; Guntheroth et al 1963) and from other not well known 
a reas (Foiosa et al 1963; Baker 1965) that contributed with a 
"cell volume" which was normally not forming part of the 
circulating blood volume. Catecholamines are known to act on 
these blood r e s e r v o i r s , by emptying them actively (Baker 1965; 
Ross 1967). 
A comparison between haematocri ts "at the end of the com-
pensatory period" and "at the end of the 60 mmHg period" 
demonstrated that the "phenoxybenzamine groups" did not only 
allow more uptake, but also prevented plasma pooling. Evidence 
of this is provided by the "own blood-phenoxybenzamine group" 
Statistical analysis of this group (Wilcoxon's two sample test) 
showed that the difference between "haematocrit deviations" in 
t reated and untreated dogs was highly significant (P= 0.008). The 
other groups that took up "fluid without cells "showed a very m a r -
ked decline in the haematocrit , when phenoxybenzamine was given 
and a moderate decline when phenoxybenzamine was not given. 
Here comparisons are difficult, because in general , t reated 
groups took up more fluid than non-treated, and obviously the 
"cell concentration" was lower with large uptakes. 
Probably the more interesting comparisons in this table is 
between "pre-bleeding haematocri t" and "post- transfusionhaema-
tocri t" . For us became synonymous with i r reversibi l i ty to have 
higher haematocri t at the end of the experiments, despite of any 
amount of blood, plasma expanders or Ringer 's solution taken 
up before retransfusion. 
When the resul ts were put together, this proved to be the case 
with exceptions of dogs No 3, 4, and 32, which survived. The 
stat is t ic analysis of these resul ts (Wilcoxon's two sample test) 
showed that "haematocrit deviations" between treated and non-
treated dogs, was significant in the haemaccel group (P= 0.02), 
and highly significant in the other groups (P= 0.008). The graphic 
resul ts (figs 11, 12,13,14) il lustrated this difference very clearly. 
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CHAPTER VI 
D I S C U S S I O N 
A) RELIABILITY OF THE "BLOOD VOLUME DETERMINATIONS" 
The blood and plasma volumes were measured with "I125 label-
led human serum albumine". The "blood volume computer" after 
measuring the radioactivity of the t r a ce r , the residue of the 
t r a c e r left in the syringe container and the "pre-mix" and 
"post mix" blood or plasma samples, produced resul ts that were 
reproducible within + 2%. 
In our experiments we placed a "shunt" (that was clamped) 
between the "ar te r ia l and venous p re s su re ca te thers" . 
When the radioisotope was injected, the shunt was opened. The 
shunting blood not only washed out the radioisotope but at the 
same time star ted the mixing with the plasma. We found that in 
dogs five minutes was the time required for even mixing. Blood 
volume measurements done between 5 to 15 minutes differed 
less than 5%. This showed that the rate of disappearence of 
albumine to extra vascular space and shift of new fluid and 
albumine into the circulation, did not influence the measurement 
considerably. Nevertheless, we avoided this 5% possible e r ro r 
by always taking our samples after five minutes mixing t ime. A 
plasma t r a ce r , by mixing with the extravascular exchangeable 
protein pool (Lamson 1962), will undoubtedly give higher blood 
volume readings as dilution of the t r ace r continues. 
The blood volumes calculated by the computer, were not cor -
rected to the lower body haematocrit , as some workers 
suggested (see page 11) because of the contradictory repor ts on 
this correct ion factor. In dogs Huggins et al (1957) reported a 
body haematocri t rat io of 0.90, Duppon et al (1959) reported a 
ratio of 1.02. These differences between central and capillary 
haematocrit are even more refutable during shock, because an 
animal in haemorrhagic shock is shifting fluid to the vascular 
compartment during the "compensatory period" and haemo-
concentrating during the "period of fai lure". We are more 
inclined to think that in the dog the body haematocrit goes 
paral lel with the central haematocrit , even in haemorrhagic shock 
conditions. 
We found that direct measurement of plasma volume coincides 
quite closely with blood volume measurement and haematocrit 
value all throughout the experimental shock. A point of confussion 
-we think- l ies in the f act that in the small vesse l s , during c i rcula-
tory failure, cells a re bound together forming conglomerates 
that are not circulating. These "pool ce l l s " obviously a re not 
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forming par t of the "true circulating cell volume", therefore it 
will be a mistake to take these into account for correct ion 
purposes. 
In conclusion: we regard our blood volume measurement rel iable, 
because they were checked twice and they were in close agreement 
with plasma volume and haematocrit readings. 
B) DYNAMICS OF THE MICROCIRCULATION: INTERPRETA-
TION OF ITS FUNCTIONAL ANATOMY AND OF PERIPHERAL 
VASCULAR COLLAPSE 
The microcirculatory system is formed by the pre-capi l lary 
res is tance vessels (small a r t e r i e s , a r te r io les , metarteriole) by 
the pre-capi l lary sphincters , by the capi l lar ies , and by the post-
capillary r e s i s ^ n c e vesse l s (venules and small veins) (modified 
from: Zweifach 1961 and Mellander 1968). See next fig. 
FIG. 15. SCHEMATIC DRAWING OF THE MICROCIRCULATORY COMPONENTS 
INVOLVED IN HAEMORRHAGIC SHOCK. Note the existence of the pre-capillary 
"sphincters" and the "resistance" of the post-capillary vessels . 
In this constellation of vesse l s , the capil laries are the central 
ones, here the solutes will pass the endothelial walls by passive 
molecular diffusion, while fluid balance is maintained by filtration 
(to ext ra-vascular space) and by absorption (to capillary space) 
(Landis et al 1963). Fil tration, as we know, is directly p r o -
portional to hydrostatic p r e s su re , therefore any forces that 
influence hydrostatic capillary p re s su re will influence the ra te 
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of filtration. Pappenheimer and Soto Rivera (1948) worked out 
these factors in the following formula: 
pA + pV 
C = 
1 + 
Pc = hydrostatic capillary pressure; r v = post-capillary resis-
tance; r a = pre-capillary resistance; pA = arterial pressure and 
pV = venous pressure. In denervated prepatations they demon-
strated that venous pressure was capable to influence filtration 
and absorption more than did a corresponding elevation in 
arterial pressure. 
Folkow et al (1964), working on post and pre-capillary resistance 
ratios with constant pressures, reported that pre-capillary 
dilatation leads to an increase in hydrostatic pressure and thus to 
ultrafiltration because the post to pre-capillary resistance ratio 
is increased (fig 16). Vasoconstriction leads to a decrease of 
hydrostatic pressure as it decreases the ratio, therefore absorp-
tion of extravascular fluid into the circulatory system will 
dominate. 
FIG. 16. SCHEMATIC REPRESENTATION OF THE EFFECT OF CHANGES IN PRE-
CAPILLARY INPUT, HYDROSTATIC PRESSURE, AND FLUID SHIFT. Pre-capiUary 
vasodilatation increased hydrostatic pressure and filtration while pre-capillary 
vasoconstriction stimulates absorption in the capillaries. 
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Adjustments of these vascular res i s tances a re probably under 
two main types of control: local and central . 
The local control necessary for autoregulation of the local t issue 
exchange, seems to be formed by two mechanisms: myogenic 
(mechanical) (Folkow 1962b, Lundvall et al 1967) and metabolic 
(chemical) (Lewis et al 1962, Cobbold et al 1963, Kjellmer 1965). 
The central control is car r ied out by sympathetic constr ic tor 
f ibres , which work in connection with the baro- and chemo-
receptors (see chapter 1) and has been studied in haemorrhagic 
shock (Mellander et al 1963). 
These three mechanisms (myogenic, metabolic and sympathetic) 
seem to work in a competitive way (not necessar i ly at 
the same time) on the pre-capi l lary sphincter and res is tance 
vesse ls . On the post-capil lary segment, the metabolic 
products do not seem to act (Kjellmer 1965), and myogenic 
activity does not seem to exist to such an extent that is 
capable to respond to high p r e s s u r e s , when the neurogenic control 
is artificially abolished (Folkow et al 1961). To explain this 
difference between the pre and post-capil lary vessels we have 
to accept the hypothesis of the "basal vascular tone". Lofving et 
al (1956), after eliminating all extr insic excitatory influence 
observed the existence of an inherent basal tone, present ex-
clusively in the pre-capi l lary vesse l s . This was confirmed by 
several workers (Folkow et al 1961, Cobbold et al 1963, Mellander 
et al 1964, Lundwall et al 1967). 
That pre-capi l lary vesse ls a re capable to respond to increased 
t ransmura l p re s su re by local means was clearly demonstrated in 
the experiments by Mellander et al (1964) and Lundwall et al 
(1967). They saw a decrease in "capillary filtration coefficient" 
(40%) when t ransmural p ressure was increased. This inherent 
myogenic automaticity of the smooth muscles of the pre-capi l la ry 
sphincter helps to explain how t issues are able to tolerate high 
hydrostatic loads without significant oedema formation (Mellander 
1968). In these circumstances of high t ransmural p r e s s u r e s the 
sphincters determine the number of capil lar ies open to flow 
(Cobbold et al 1963) and therefore available for filtration. 
(See fig 17). 
Metabolic control is comparatively more important in the p r e -
capillary res is tance vesse l s than in the pre-capi l lary sphincters 
(Lundwall et al 1967). Increased concentration of metabolites due 
to increased muscular work in denervated preparat ions (Cobbold 
et al 1963, Kjellmer 1964) could override the myogenic response 
and produce vasodilatation, that will increase capillary p r e s s u r e . 
Capillary filtration was increased from 0.015 to 0.030-0.050 in 
the hands of Cobbold and collaborators (1963); this amount is 
equivalent to a 3 fold increase in filtration coefficient above 
res t ing value. This metabolic mechanism is also apparent in 
shock, and here will enter in competition with neurogenic or 
central control. Because during shock nutritional blood flow 
decreases (due to reflex vasoconstriction) and t issue nutrition is 
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FIG. 17. SCHEMATIC REPRESENTATION OF THE REACTION OF PRE-C APILLARY 
SPHINCTER TO HIGH TRANSMURAL PRESSURE. Note the close down of a number 
of capillaries as a local response of the sphincters to high pressure. 
severely curtailed, accumulation of vasodilating metabolites 
(Lewis et al 1962, Mellander et al 1963) will enter in competition 
with the neurogenic constrictive fibres and the myogenic factor 
(Folkow 1964) and will initiate vasodilatation of the pre-capi l lary 
segment. 
The central control is best known. It is known to work as an 
extrinsic control through the sympathetic adrenergic fibres and 
covers most of the peripheral vascular bed, except the capil laries 
themselves. Capillary exchange is therefore affected indirectly 
by this neurogenic control (Mellander 1960). In t ra-ar te r ia l 
infusion of noradrenaline (Celander 1954) has s imilar effects as 
sympathetic nerve stimulation (Mellander 1960) on the mic ro -
circulatory bed, because both will constrict the p r e - and post-
capillary vesse l s . There i s , however, an important difference 
in that the pre-capi l lary segment will respond with grea ter 
vasoconstriction than the post-capil lary. In haemorrhage this 
phenomenon is even more pronounced because flow is reduced 
and res is tances are increased in the la rger vessel (Gregg 1962, 
Rothe et al 1964, Lillehei et al 1964, Fell 1966). This explains, 
therefore, the closure of many capillary a reas with a subsequent 
diversion of the available blood to more vital a r ea s . This closure 
must create a drop of hydrostatic capillary p r e s s u r e , and an 
increased absorption of fluid from the extravascular space. 
(See fig 18). 
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COMPENSATORY PHASE OF THE MICROCIRCULATION 
FIG. 18. SCHEMATIC ILLUSTRATION OF A CAPILLARY DURING THE COMPEN-
SATORY PHASE OF HAEMORRHAGIC SHOCK. Note that the pre-capillary segment 
is more affected than the post-capillary, resulting in a decrease of hydrostatic 
pressure in the capillaries favouring absorption of fluid. 
Mellander et al (1963) reported in haemorrhagic shock combined 
with sympathetic nerve stimulation a movement of fluid from the 
t i ssular space into the capil laries of the order of 0.16 m l / m i n / 
100 g t issue. The typical haemodilution seen during the compensa-
tory period in our experiments, with an average of 7 points decline 
in the haematocrit (see table IV) also proves that extravascular 
fluid moves to the vascular compartment. It is obvious that this 
fluid shift behaves as "self t reatment" and could lessen the 
severity of the condition or prolong the revers ible period. It is 
also possible that moderate haemorrhagic shock cases could s u r -
vive without direct t reatment because of this compensatory fluid 
shift. The severe anaemia that is seen in chronic "intermittent" 
bleeding, as in clinical cases of bleeding u lcers e tc , could be 
explained by this selective vasoconstriction. 
In our experiments this extra fluid provided by the extravascular 
space could not disturb the resu l t s , because a constant mean 
p r e s su re of 60 mmHg was maintained throughout the experiment, 
until retransfusion was due. This means that any extra volume 
that could have ra ised the ar ter ia l p res su re was spontaneously 
taken up by the rese rvo i r (see chapter 3). 
It is understandable that self-compensatory fluid shift could not 
be maintained indefinitely m conditions of continuous s t r e s s and 
this was the case in all our experiments, sooner or la ter (usually 
between 60 to 100 minutes after the onset of active bleeding) the 
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animal entered in decompensation. Spontaneous uptake by the 
animal was seen in every case , (see table III) and, as we 
have stated before, this spontaneous uptake was related to the 
degree of circulatory failure in the non-treated dogs and to the 
degree of blockade and circulatory failure in the t reated animals. 
We believe that this problem can only be explained by centering 
again our attention on the small vesse l s . 
P e r i p h e r a l v a s c u l a r c o l l a p s e 
Thanks to a grea ter pre-capi l lary vasoconstriction, capillary 
hydrostatic p r e s s u r e is reduced and this favours fluid to enter 
the capi l la r ies , but also this grea ter pre-capi l lary vasoconstriction 
r e s t r i c t s capillary flow to some a reas more than to others . As 
a consequence there is a poor t issue perfusion and intermediate 
metabolic products build-up there . "Local vasodilator metaboli tes" 
(Lewis et al 1962, Meilander et al 1963), that may damp the 
sphincter activity (Folkow 1964) and abolish the central control 
have been postulated among others . Toxic vasodepressant subs-
tances originating in the ischaemic intestine (Selkurt et al 1961), 
or l iver (Shorr et al 1951), and intestinal bacterial toxins 
(Fine et al 1959) have been named as the responsible 
factors for the circulatory failure. To the present moment 
we can only speculate about the nature of these unknown 
factors (metabolic, toxic ect.) and about the conditions that 
facilitate pre-capi l lary dilatation. The suggestion of Folkow 
(1964) that the pre-capi l lary sphincter is damped by local t issue 
metabolites seems attractive, but nevertheless it seems a 
paradox that metabolic t issue factors should affect the p r e -
capil lary segment and not the post-capil lary smooth muscle 
that is more intimately exposed to the products of t issue meta-
bolism (Renkin 1968). Unless of course the pre-capi l lary smooth 
muscles a re less res is tant to the vasodilating action of these 
metabolites because they were exhausted by maintaining extreme 
pre-capi l lary res i s tances , during the compensatory period. 
The school of physiology of Gothenburg has maintained the thesis 
of "pre-capi l lary failure". In one of Mellander and Lewi's (1963) 
experiments it was demonstrated that under conditions of c i r -
culatory failure and sympathetic nerve stimulation an outflow of 
capillary fluid took place to the extravascular space at the ra te 
of 0.35 ml /min /100g of t issue. This corresponded to the amount 
that continuously left the circulation, in other words, this amount 
represented the actual "fluid pooling". 
In our experiments we saw the same phenomenon. The "haema-
tocri t readings" and "plasma volumes" showed clearly in the 
group of non-treated dogs which took up their own blood, a 
reduction of plasma volume and a progress ive haemoconcen-
trat ion (See table V). 
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TABLE V. 
HAEMATOCRrrS TAKEN DURING CIRCULATORY FAILURE. 
(GROUP WITH OWN BLOOD WITHOUT PHENOXYBENZAMINE). 
Determinations 
every 30 mm. 
Dog No 1 
2 
3 
4 
5 
1st 
36 
36 
34 
39 
38 
2nd 
37 
35 
34 
39 
339 
3rd 
38 
35 
36 
41 
40 
4th 
39 
35 
38 
40 
40 
5th 
40 
39 
38 
41 
41 
6th 
44 
40 
38 
41 
46 
7tl 
40 
40 
41 
Fur thermore (see table IV) most of the post-transfusion haemato-
c n t s were not only higher in relation to the lowest haematocrit 
reading (following compensatory haemodilution) but also higher 
in relation to pre-haemorrhagic haematocrit . 
This showed clearly that fluid was lost in a higher proportion 
than cel ls . The explanation for this "fluid pooling" must come 
from an increased capillary filtration. 
Capillary filtration of this magnitude can only be (in these 
circumstances) a consequence of an increased "capillary hydros-
tatic p r e s su re " , because the pre-capi l lary res is tance vesse ls 
fail to respond to adrenergic stimulation and post-capil lary 
res is tance vessels a re still capable to respond to this stimulation, 
(see fig 19). 
DECOMPENSATORY PHASE OF THE MICROCIRCULATION. 
FIG. 19. SCHEMATIC ILLUSTRATION OF ACAPILLARY DURING THE DECOMPEN-
SATORY PHASE OF HAEMORRHAGIC SHOCK. The pre-capiUary sphincter and 
resistance vessels fail to remain constricted, while the post-capillary resistance 
vessels are still able to respond to adrenergic stimulation. This results in an 
increase in hydrostatic pressure and ultrafiltration. 
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As long as the capillary wall remains as a "fluid parti t ion" the 
pool of fluid will be a "local self l imited" mechanism, because 
fluid will only pool in the intersti t ial space until " t issue p r e s s u r e " 
equalizes "hydrostatic p r e s s u r e " (Wiggers 1950)..But because 
the capillary bed is the largest of all the vascular beds (Hershey 
1964), there , will always be more room in other capil lar ies for 
fluid and cell pooling before the animal dies. 
FIG. 20. BLOOD POOLING MECHANISMS 
Pre-capi l la ry res is tance 
vesse l s fail to respond to 
adrenergic stimulation 
Increased drainage 
to capi l lar ies 
Post-capi l lary res is tance 
vesse ls continue to 
respond to adrenergic 
stimulation 
Obstruction of capillary 
drainage to veins 
Increased hydrostatic 
capillary p ressu re 
Increased filtration 
,_ Capillary s tas i s 
Cell pooling 
Increases viscocity. 
Leaves higher concen-
trat ion of protein and 
blood cel ls 
Fluid pooling (in extravascular space) 
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In the above diagram, we also have included the possible m e -
chanisms for cell pooling. The same pr imary factors that 
precipitate "fluid pooling" (pre-capil lary res is tance "fai lure" 
and post-capil lary res is tance "capability" to respond to adrenergic 
sympathetic stimulation) also, must be held responsible for 
"cell pooling". We think that cell pooling, not only s t a r t s at 
capi l lary level, but the major pooling is established in the capilla-
ry bed. 
The venular cell aggregation or venous pooling seen by Herman 
et al (1965), Matsumoto et al (1967) is probably only a secondary 
extension of the " rea l " capillary pooling which is so much more 
difficult to observe. Portal pooling caused by outflow obstruction 
in the l iver (Wiggers 1950) has been already refuted as a major 
par t of pooling by Lillehei et al (1964) with his porto-caval shunt 
technique. 
In normal c i rcumstances the lymphatic system will re turn some 
of the "interstit ialy filtrated fluid" to the circulation, e.g: with 
a cardiac ouput of 6.0 l i te rs per min, the lymphatic system will 
re turn 2 to 4 l i ters per 24 hours (Landis et al 1963). During 
the compensatory period of shock its carrying capacity is known 
to be increased (Baez et al 1957, Wegria et al 1963), but during 
circulatory failure its capacity to return fluid is grossly impaired, 
leading to a "atonic overdistension" of the lymphatic vessels 
(Baez et al 1957, Mayerson, 1963); hence we cannot expect any 
reduction of the pooling by the lymphatic drainage in the stage of 
circulatory failure. 
Capillary fluid loss and stagnation of flow favours cell concen-
tration and increases blood viscocity. Wells (1965) has demon-
strated that re tarded flow and increased levels of fibrinogen 
and globulin lead to pronounced increases in blood viscocity 
which then leads to cell aggregation and "rigidity" of the capillary 
flow. Plugging of "cell conglomerates" into the venous end of 
the capi l lar ies will further mater ial ize the functional post-
capillary obstruction into an "organic complete obstruction". 
This situation obviously will impair the capil lar ies involved and 
the t i s sues depending on them for their nutrition. 
Disruption of or damage to capillary wall and supporting t issues 
seems to be the consequence of this occlusion and seems the only 
acceptable explanation for the sloughing of the mucosa and the 
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petechial bleedings of the intestinal wall that we have seen in 
several of our dogs explored at the moment of death. 
The well known fact that not every t issue is damaged to the same 
extent could be explained by the existence of local autoregulatory 
control of blood flow (brain: Sokoloff 1965; Green et al 1968), 
t issue strength to withstand anoxia (heart: Lillehei et al 1964; 
Simeone 1965), lower t issue demand (skeletal muscle : Zier ler 
1965), or delayed pre-capi l lary failure. 
C) TREATMENT DURING REFRACTORY PERIOD 
As we have stated, half of our dogs were t reated with phenoxy-
benzamine during the refractory period, that i s , when pooling of 
the circulating blood volume was underway. Treated and non-
treated dogs maintained 60 mmHg mean ar ter ia l p res su re by 
taking-up fluid from the rese rvo i r . The t reated dogs did take-up 
more fluid, because their vascular bed was freed from the 
constrictive effect of the catecholamines. A failing circulation 
and a wider vascular bed, needed extra-supporting fluid for 
keeping a 60 mmHg constant ar ter ia l p r e s su re . However the 
survival ra te that we have obtained with phenoxybenzamine can 
not be explained on the grounds of an "uptake difference" because 
that has not been proved to be statistically significant in the 
rheomacrodex and haemaccel groups (see page 44). 
As discussed previously (page 56) the main character is t ic of 
the circulatory decompensation is the failure of the pre-capi l lary 
res is tance vessels to continue to respond to adrenergic stimulation. 
It is not yet c lear why the post-capil lary res is tance vesse ls fail 
later than the pre-capi l lary vesse ls ; in other words, why is the 
venous side of the microcirculation capable to respond to 
catecholamines, while the ar ter ia l side is unable to do so. 
Sympathetic stimulation during circulatory failure (Meilander et 
al 1963) increases the ultrafiltration of water. Fluid pooling, 
therefore seems to be a direct consequence of catecholamine 
action. Indirect evidence of the same phenomenon is provided 
by our experiments. Here by giving phenoxybenzamine we relief 
the vasoconstriction of the post-capil lary vesse ls (see fig 21), 
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FIG. 21. SCHEMATIC ILLUSTRATION OF THE CAPILLARY RESPONSE TO TREAT-
MENT OF HAEMORRHAGIC SHOCK. The post-capillary resistance vessels are 
relieved from sympathetic stimulation by the phenoxybenzamine. The subsequent 
vasodilatation of the post-capillary segment allowes free capillary drainage ana a 
decrease in hydrostatic pressure which reverses pooling. 
This hypothesis is supported by the fact that circulating blood 
was not only prevented from pooling (see page 39), but also 
haemodilution was maintained and in some cases was even 
increased (see table IV), denoting an alleviation of the capillary 
p r e s s u r e , hence of ultrafiltration of water. Restoration of an 
equilibrium between filtration and absorption probably was achieved, 
by lowering the post to pre-capi l lary res is tance rat io. 
Our interpretation for the improvement of the treated cases , is 
described in the following diagram. 
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FIG. 22. TREATMENT WITH PHENOXYBENZAMINE DURING 
REFRACTARY PERIOD 
Phenoxybenzamine 
Blocks catecholamines 
Post-capi l lary res is tance 
vesse l s open up 
- ^ Increase vascular bed 
Extra fluid is 
taken up sponta-
neously 
Better capillary drainage 
Cell mobilization 
Drop in hydrostatic 
capillary p re s su re 
I 
Stops plasma pooling 
Reduced blood viscocity 
and cell conglomeration 
Improves capi l lary- t issue O2 exchange 
Bet ter blood flow 
More circulating blood volume <-
Improved cardiac output 
4^  
-^ Increased venous re turn <-
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By facilitating capillary outflow, stagnant blood is encouraged to 
circulate . P r e s s u r e that was built-up in the capi l lar ies , is 
relieved. A decrement in capillary p ressu re will stimulate 
absorption of any significant amount of fluid that was previously 
forced to leave the circulation, until the protein in t issue fluid 
becomes sufficiently concentrated (Pappenheimer et al 1948). 
This should allow reconstruction of the gradient of p re s su re that 
normally keep filtration and absorption in harmony. Fluid that 
re turns to the circulation, obviously must reduce the concen-
tration of proteins and ce l l s , per unit of blood; this fact, together 
with an improved capillary flow reduces blood viscocity and 
d isperses cell aggregation (Wells, 1965; Schmid Schoenbein, 
1968). As flow continues to gain motion cell aggregation in 
venules and small veins are dispersed as well (Matsumoto et 
al 1968; Brânemark, 1968). If the aggregates survive the smal ler 
veins flow, the higher forces of flow of the la rger veins or the 
homogenizing action of the heart contractions will deal with 
them (Wells 1964). 
D) CELL FREE FLUIDS AND CAPILLARY FLOW 
When phenoxybenzamine was not administered, the plasma ex-
panders (rheomacrodex and haemaccel) did not improve 
circulating blood volume nor survival rate (see table II-1). In 
these cases the capacity to draw water from the extravascular 
space probably was less effective than the p ressu re in the 
capi l lar ies maintaining ultrafiltration. Cell aggregation and 
stagnation could not be alleviated in these c i rcumstances , and 
since rheomacrodex is more viscous than plasma (about twice) 
and haemaccel is as viscous as plasma, blood viscosity could 
not be improved. 
Crystalloid solutions have been advocated for the t reatment of 
haemorrhagic shock (Shires et al 1964; Dillon et al 1966; Baue 
et al 1967). The claim that alleviation of ext ra-vascular fluid 
loss improves survival , could only be maintained if Ringer ' s 
solution or any other crystalloid solution was administered 
during the compensatory period. In our experiment the Ringer ' s 
solution (buffered to a PH 7.8) was administered during the 
refractory period, and did not improve survival (see table II-1) 
because it could not improve blood flow; however, after the 
relief of post-capil lary res is tance (by phenoxybenzamine) the 
Ringer ' s solution gave a survival ra te of 100%. The blood volume 
studies suggested that the enormous fluid uptake that cha rac -
te r izes this group did not only support the circulating blood but 
also filled up the extravascular compartment. The possibility of 
sodium intoxication and lethal haemodilution that may resul t from 
mixing Ringer ' s solution in these proportions should seriously 
be considered (Takaori et al 1967). 
With the help of phenoxybenzamine, rheomacrodex was able to 
work as a plasma-expander. Our best blood volume readings 
63 
are in this group (even the exceptionally high blood volume of 
+ 40.0% in dog No 17). All the dogs from this group survived. 
In the haemaccel-phenoxybenzamine group, we had two deaths 
(dog No 27 and No 30). It is difficult to explain these deaths since 
blood volumes were within our range of survival. But, because 
dog No 27 showed a progressive decline of his haematocrit to 
an extreme 9%, it is always possible to consider this severe 
haemodilution as the "fatal factor", in this case . The other three 
dogs from this group survived. 
E) HAEMATOCRIT AND PHENOXYBENZAMINE 
Haematocrit determinations were done throughout the experiment. 
After the initial haemodilution, there was an "haemoconcentration 
pat tern" for the non-treated cases (see tab V). When blood was 
taken-up the t reated dogs maintained the haemodilution which 
was built-up during the compensatory period. 
The rheomacrodex, haemaccel and Ringer 's solution groups 
obviously showed reduced cell concentration. However, although 
the difference in uptake between treated and untreated dogs 
were not statistically significant for the rheomacrodex and 
haemaccel groups, the haemodilution was significantly more 
accentuated in the t reated cases . Following retransfusion of the 
shed blood, the untreated groups showed a uniformed paral le l ism 
between haemoconcentration (related to pre-shock haematocrit) 
and death, while the treated groups showed proportional haemo-
dilution (related to pre-shock haematocrit) and survival : see 
table IV. 
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C O N C L U S I O N S 
Blood volume determinations were checked twice and were in 
close agreement with plasma volume and haematocrit readings. 
We therefore accepted them as true values of blood volumes. 
Blood volume values showed clearly the need to measure the 
circulating volume, since it fluctuated already before the shock 
between 66.7 ml/Kg to 111.5 ml/Kg, with an average of 83.4 
ml/Kg in our dogs. 
With our own bleeding technique the vascular adjustments were 
put under s t r e s s slowly, but up to a point that always led to 
circulatory failure. The total bleeding volume (65%) was r e p r o -
duced in every dog with a small variance of + 5%. The period of 
hypotension was always kept at 270 minutes. The active bleeding 
and the retransfusion were also car r ied out in a fixed time period: 
60 minutes. This provided this technique with comparable p a r a -
m e t e r s . 
Plasma cathecholamines were greatly increased during the 
compensatory period and the period of failure. Its increase 
during the compensatory period should be regarded as a life 
saving mechanism as long as t issue ischaemia of the "second 
c lass organs" is not extended to a degree that is incompatible 
with life. The high levels of endogenous catecholamines suggested 
the futility of parental administration! 
The splanchnic organs were badly affected by the haemorrhagic 
condition. The intestine (in the dog) was affected most by the 
selective ischaemia produced by the sympathetic vasoconstriction. 
Later when the animal was dying mucosal sloughing and gross 
bleeding was seen in the intestine. The damage to the l iver, 
kidney and spleen were usually only obvious under microscopic 
examination. 
Phenoxybenzamine not only increased the uptake of fluid, but 
also had the potention of increasing the own body circulating 
volume, by preventing plasma pooling and blood stagnation. This 
claim was strongly supported by the fact that rheomacrodex and 
haemaccel "uptakes" among treated and un-treated dogs were 
not statiscally significant. 
Survival ra te was not improved by the blood, rheomacrodex, 
haemaccel and Ringer 's solution's own mer i t s . Only the addiction 
of phenoxybenzamine significantly improved survival. 
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The haematocrit determination showed that the typical feature of 
the compensatory period of haemorrhagic shock was haemodilu-
tion, while the typical feature of the circulatory failure (blood 
take up group- without phenoxybenzamine) was haemoconcentra-
tion. Also the haematocrit readings suggested that in the 
irreversible cases, pooling of fluid was greater than pooling 
of cells, disregarding type and amount of fluid taken up. 
Results of the studies on acid-base changes showed a highly 
significant correlation between metabolic acidosis and survival 
in treated and untreated dogs, altough this parameter did not 
always give conclusive evidence of the circulatory status of the 
dog. 
Urine output was always in direct correlation with the fate of 
the animal. 
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S U M M A R Y 
The purpose of this study is to find out if t reatment of hae-
morrhagic shock at the beginning of the circulatory failure is 
feasible. A technique was developed by which t reated and un-
treated dogs maintained the same pressure for the same length 
of t ime. Because the circulating blood volume was measured, 
we assessed our resul ts by the quantity of blood that was p r e -
vented from "pooling", as well a s , by the survival r a te . 
The pathophysiology of the circulating blood volume occupies 
the first two chapters . Distribution, normal variations and 
measurement of the circulating blood a re reviewed. The short 
and long t e r m mechanisms for the regulation of blood volume 
during haemorrhage and shock have been s t ressed . 
In chapter III, we described and discussed our technique for 
producing i r revers ib le haemorrhagic shock. This technique con-
s is ts of bleeding during 60 minutes 1% per minute of the c i rcu-
lating blood volume, and to maintain for 270 minutes the mean 
ar te r ia l p re s su re of 60 mmHg. With this technique all our 
experimental animals developed the period of "spontaneous 
uptake", also called circulatory failure. By giving phenoxy-
benzamine l m g / K g / h o u r at the beginning of the circulatory 
failure (refractory period) we aimed to prevent i r revers ibi l i ty , 
that otherwise normally terminated the life of the animal. 
A cri t ical comparison with other methods for producing hae-
morrhagic shock is car r ied out in the second part of this chapter. 
The problems of anaesthesia and anti-coagulation a re also 
discussed. 
In the first part of chapter IV a review is given of the work done 
by several authors on blood flows, vascular res is tances and 
metabolic disturbances in haemorrhagic shock. Special attention 
is given to flows and res is tances in the splanchnic organs. 
Fac tors that may drive the shock to the stage of i r reversibi l i ty 
a re emphasized. The chapter then continues with the relation 
between catecholamines and circulatory failure. We show the 
average output of adrenaline and nor-adrenaline in our exper i -
ments. The character is t ics of phenoxybenzamine (the most 
powerful a blocker known to-day) and the value of using this drug 
in our experiment, is analysed and discussed. The possible 
factors that precipitate i r reversibi l i ty , a re reviewed and also 
discussed. This chapter ends with the anatomo-patholigical 
findings, acid-base balance and urine output resul ts in our 
experiments . 
Since sympathetic adrenergic discharge and circulatory failure 
goes hand in hand, catecholamine action was blocked in half of 
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our experiments (treated dogs) with phenoxybenzamine 
lmg/Kg/hour . The resul ts of this experimental t reatment can 
be seen in chapter V. The first table of this chapter expresses 
the large poolings of blood volume that were present in i r r eve r -
sible cases , while t reated ones maintained a more normal 
circulating blood volume. The second table provides other 
important information, such as the length of circulatory failure 
or uptake t ime, the amount taken up spontaneously, as well as 
the amount taken up per Kg/hour of circulatory failure. 
The third table gives the haematocrit values at four cr i t ical 
t imes . In this table it can be seen that haemodilution was the 
usual pattern for the t reated cases , while haemoconcentration 
was present in the i r revers ib le ca se s . These three tables suggest 
that i r revers ib le cases lose circulating blood by a pooling 
process . (Plasma and water is lost more that cel ls) . The resul ts 
also suggest that prevention of i r reversibi l i ty could not be 
explained by the uptake differences between treated and non-
treated cases but- in our belief- can be explained by the "mic ro-
circulatory phenoxybenzamine effect". 
Chapter VI begins by discussing the reliability of our blood 
volume determinations, then we entered into the discussion of 
microcirculatory changes. In the first place central and local 
control of capillary flow are reviewed. 
A discussion on the compensatory and decompensatory mic ro -
circulatory mechanisms is made, extending into the problem of 
pooling of circulating blood. In the light of our resul ts we 
discussed the possible microcirculatory mechanism of how 
irreversibi l i ty is prevented in our experiments . We emphasized 
the importance of avoiding pooling of circulating blood as a way 
of maintaining normal t issue-capi l lary relat ions. 
A cri t ical comment on the "own value" of rheomacrodex, hae-
maccel and Ringer 's solution for treating shocks with our 
technique is made. No improvement can be seen in these cases 
when they were compared with the group that took back its own 
blood during circulatory failure. However in the groups treated 
with phenoxybenzamine, the rheomacrodex and Ringer 's solution 
cases produced 100% survival. 
Our last point of discussion is the influence of the phenoxy-
benzamine on the haematocrit value. The significant haemodilution 
seen in the treated cases following retransfusion, is regarded 
as evidence of avoidance of fluid pooling to the extravascular space. 
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R E S U M E N 
La hemorragia que conduce al estado de shock y que por si sola 
es capaz de te rminar con la vida del individuo en pocas horas о 
días, cursa en dos e tapas : compensatoria y descompensatoria. 
Durante el período compensatorio el organismo es capaz de : 
a) movilizar las r e se rvas de sangre; b) redis t r ibuir la sanare 
circulante favoreciendo a órganos como el ce rebro y corazón, 
a costa de reducirla en los órganos abdominales, pulmón, 
músculo esquelético ect; c) est imular el paso de fluido ex t ra -
vascular al vascular , con intención de aminorar las perdidas 
producidas por la hemorragia . Este último mecanismo favorece 
la hemodilución de la sangre , (ver cuadro IV). 
Con nuestro metodo (para producir shock hemorrágico i r r e -
versible) obtuvimos s iempre el período descompensatorio, después 
de un tiempo variable de etapa compensatoria. Los mecanismos 
de compensación fueron limitados por el continuo s t r e s s que 
obligó a matener la misma presión a r te r ia l . 
El período descompensatorio se caracter izó en nuestro exper i -
ments , por "tomar automaticamente" (gracias a la presión 
diferencial entre la aorta y el deposito, (ver pág. 15): Sangre, 
Rheomacrodex, Haemaccel o solución de Ringer (pr imero, segundo, 
t e rce ro y cuarto grupo respectivamente). La explicación de este 
fenómeno está en que la inter-relación entre capacidad vascular 
y volumen circulante no puede ser mantenido pos mas tiempo, 
debido a que las res is tencias precapi lares fracasaron, permitiendo 
el estancamiento de elementos celulares en los vasos pequeños 
y de plasma, especialmente agua, en el compartimiento interst icial . 
Nuestro experimento demostró con clardidad una pérdida mayor 
de plasma que de elementos ce lulares . En las paginas 45 a 48 se 
puede ver que la hemoconcentracion de la sangre circulante 
(en casos no tratados) fué un signo constante de este período. 
El balance del "volumen circulante sanguíneo" medido con 
computador y radioisótopos (I125) demuestra que ocurr ieron 
perdidas enormes de sangre circulante (medidos después de la 
retransfusion) en los animales que murieron a consecuencia del 
shock i r revers ib le (ver pág. 38). Por otro lado los animales 
tratados con "Phenoxybenzamine" ( a adrenolítico), durante el 
periodo descompensatorio, lograron matener un volumen normal 
o casi normal, porque evitaron la inmovilazacion de sangre 
circulante, (especialmente porque evitaron la perdida de plasma 
ver pág. 39). 
Los análisis estadíst icos de estos resultados confirman que 
fué significante la diferencia (en percentage) del balance de 
sangre circulante entre los animales que no fueron tratados y 
los que recibieron phenoxybenzamine. 
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Debido a la impotancia que tiene en nuestros experimentos, la 
fisiopatologia del volumen de sangre circulante, hemos dedicado 
a este problema, los dos p r imeros capítulos de esta t e s i s . 
Distribución, variaciones fisiológicas, regulation del volumen 
sanguíneo en caso de pérdida de sangre y la forma como se 
puede medir el volumen circulante, son revisados. 
En el capítulo III describimos nuestra técnica para producir 
"shock hemorrágico i r revers ib le" y la forma como hemos 
administrado el a adrenolítico. Terminamos este capítulo d i s -
cutiendo de una forma cri t ica los diferentes detalles de ot ras 
técnicas y de la nuestra . 
En el capitulo IV hemos revisado trabajos efectuados por otros 
autores con respecto a "res is tencias vascu la res" y "aporte 
sanguineo regional". Los cambios ocurridos en los órganos 
abdominales se les ha dado la importancia que merecen. 
Trans tornos metabólicos y los factores que probablemente son 
responsables de que el shock se vuelva i r revers ib le , son revisados. 
Se expone la relación de la adrenalina y nor-adrenalina con el 
fracaso circulator io y los niveles de catecolaminas obtenidos en 
nuestros experimentos. Las carac ter í s t icas de la droga que 
hemos usado (phenoxybenzamine) para prevenir la i rreversibi l idad 
del shock es descr i ta y analizada en relactión a nuestro ex-
perimento. Los hallasgos anatomo-patológicos y los resultados 
obtenidos desde punto de vista del balance acido-base y secreción 
ur inar ia complementan es te capitulo. 
En el capítulo V damos los resultados obtenidos con el computador 
de volumen sanguíneo. Como se puede apreciar (ver pág. 41) las 
perdidas grandes de sangre circulante (mayores de 11.2%) se 
presentaron en todos los casos i r r evers ib les , mientras que los 
animales que recibieron phenoxybenz amine si no mantuvieron 
valores normales de volumen sanguíneo, presentaron pérdidas 
pequeñas. 
La extension del periodo de descompensación y la cantidad de 
fluido tomado por cada animal por Kg por hora, se presenta en 
el cuadro III. 
El cuadro IV proporciona los combios del "hematocri to" y las 
diferencias durante el experimento entre los tratados y no 
t ra tados . 
Todos es tos resultados fueron estudiados estadísticamente y en 
general confirmaron el valor significativo de nuestro t ratamiento. 
El capítulo VI lo hemos dedicado a la "discusión general" de 
los resultados de nuestro experimento. En pr imer lugar discuti-
mos el valor y la exactitud de las determinaciones del volumen 
sanguíneo. Luego interpretamos y discutimos desde el punto de 
vista microcirculator io el proceso de compensación y descom-
pensación. Igualmente interpretamos los resultados de nuestro 
t ratamiento por la reducción acurr ida en las res is tencias de los 
vasos post -capi lares y subsecuente reducción de la presión 
hidrostatica. En esta discusion damos importancia especial a la 
prevención del "estancamiento" de sangre , como razón para 
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mantener el equilibrio entre el aporte capilar y la nutrición de 
los tejidos. Luego hemos desarrollado un comentario crítico 
respecto al valor del Rheomacrodex, Haemaccel y solución de 
Ringer. En nuestros resultados se puede ver (pág. 39) que 
unicamente cuando phenoxybenzamine fué administrada, el Rheo-
macrodex y la solución de Ringer produjeron 100% sobrevivencia 
Este capitulo termina con la discusion respecto a la influencia 
de la phenoxybenzamine en el valor delhematocrito. La reducción 
del hematocrito en los casos tratados demuestra que se evitó 
que se "almacenase" fluido en el espacio extravascular. Por 
otro lado la medida del volumen sanguíneo confirmó que no sólo 
se evitó la pérdida de plasma sino también de elementos celu-
lares, por lo tanto del volumen sanguíneo total. 
71 
B I B L I O G R A P H Y 
Abel, F.L. and Murphy, Q.R. 
Effects of hemorrhage in peripheral blood flow. Physiologist. 
(1960) 3 : 3. 
Abel, F .L. , Waldhausen, J . , Daly, W. and P e a r c e , W. 
Pulmonary blood volume in hemorrhagic shock in the dog 
and pr imate . Amer. J . Physiol. (1967) 213 : 1072. 
Adner, P.L. , Falconi, S. and Sjo'lin, S. 
Immunization after intravenous injection of small amounts 
of C r 5 1 _ i a b b e l e d red cel ls . Brit . J . Haemat. (1963) 9 : 288. 
Adolph, E.F. and Associates 
Physiology of man in the desert . New York: Interscience 
(1947). 
Ahlquist, P.A. 
A study of the adrenotropic receptors . Amer. J . Physiol. 
(1948) 153 : 586 
Albert, S.N. 
Bloodvolume. Springfield, 111: Charles C. Thomas. (1963)a 
Albert, S.N. 
Blood volume. Anesthesiology. (1963)b 24 : 231. 
Allen, Т.Н. 
Comparison of plasma volumes measured by direct photo­
metry and by extraction of T-1824 in dog and man. Amer. 
J . Physiol. (1953) 175 : 227. 
Anton, A.H. and Sayre, D.F. 
A study of the factors affecting the aluminum oxidetri-
hydroxyindole procedure for the analysis of catecholamines 
J . Pharmacol . Exp. Ther . (1962) 138 : 360. 
Appel, A.J., Park, M.K. and Gunteroth, W.G. 
Portal vein diameter, p r e s s u r e and flow during hemorrhagic 
shock. J . Appi. Physiol. (1967) 23 : 575. 
Aviado, D.M. and Schmidt, C.F. 
Reflexes from stretch receptors in blood vesse ls , heart 
and lungs. Physiol. Rev. (1955) 35 : 247. 
Baez, S., Carleton, A. and Forbes , I. 
Mesenteric lymphatic adjustments during shock. Fed. P r o c . 
(1957) 16 : 5. 
Baez, S. and Orkin, L.R. 
Microcirculatory effects of anesthesia in shock. -Shock. (Ed) 
Hershey. Boston: Little Brown (1964) 207. 
Baker, R.J. , Kozoll, D.D. and Meyer, K.A. 
The use of surface area as a bas i s for establishing normal 
blood volume. Surg. Gynec. Obstet. (1957) 104 : 183. 
72 
Baker, C.H. and Remington, J.W. 
Role of the spleen in determining total body hematocrit . 
Amer. J . Physiol. (1960) 198 : 906. 
Baker, C.H. 
Blood r e s e r v o i r s in the splenectomized dog. Amer. J . 
Physiol. (1965) 208 : 485. 
Bar t te r , F . , Mills, I.H. and Gann, D.S. 
Increase in aldosterone secretion by carotid a r te ry con­
str ict ion in dogs and its prevention by thyrocarotid ar ter ia l 
junction denervation. J . Clin. Invest. (1960) 39 : 1330. 
Baue, A.E., Johnson, D.G. and Parkins, W.M. 
Blood flow and oxygen consumption with adrenergic blockade 
in hemorrhagic shock. Amer. J . Physiol (1966) 211 : 354. 
Baue, Α., Tragus, E., Wolfson, S., Cary, A. and Parkins, S.W. 
Hemodynamic and metabolic effects of Ringer ' s lactate 
solution in hemorrhagic shock. Ann. Surg. (1967) 166 : 29. 
Berk, J . L . , Hagen, J . F . , Beyer, W.H. and Niazmand, R. 
The effect of epinephrine on arteriovenous shunts in the 
pathogenesis of shock. Surg. Gynec. Obstet. (1967) 124 : 347. 
Berman, H.J. and Fulton, G.P. 
The microcirculation as related to shock.-Shock and h y p o ­
tension. (Ed) Mills and Moyer. new York Grune & Stratton 
(1965) 198. 
Berson, S.A. and Yalow, R.S. 
The use of K42 or P32 labeled erythrocytes and I131 
tagged human serum albumine in simultaneous blood volume 
determinations. J . Clin Invest (1952) 31 : 572. 
Blatterberg, B. and Levy, M.N. 
Mechanism of depression of reticuloendothelial system in 
shock. Amer. J . Physiol. (1962)a 203 : 111. 
Blatterberg, B. and Levy, M.N. 
Formation of a reticuloendothelial depressing substance in 
the ischemic intestine. Amer. J . Physiol. (1962)b 203 : 867. 
Bouwes Bavinck, J . P . E . 
Over de invloed van farmaca met een vaatverwijdende of 
een vaatvernauwende werking en over de invloed van een 
fibrionolytisch enzym op het verloop van de verbloedings-
shock. Thes i s , Leiden. The Netherlands (1964). 
Brânemark, P . Rheological aspects of low s ta tes . 
- Microcirculation as related to shock. (Ed) Shepro and Fulton. 
New York: Academic P r e s s . (1968) 161. 
Brecher , G. 
Venous return. New York: Grune & Stratton (1956) 
Brown, G.M., Bird, G.S., Boag, L.M., Delahaye. D.J . ,Green, J .E . , 
Hatcher, J .D. , Page, J. 
Blood volume and basal metabolic ra te of Eskimos. Meta-
bolism. (1954). 3 : 247. 
Brown, J . J . , Davies, D.L., Lever, A.F. , Robertson, J . I .S. andVerni -
ory, A. : The effect of acute hemorrhage in the dog and man, on 
plasma renin concentration. J . Physiol. (1966) 182 : 649. 
73 
Browse, N.L. and Shepherd, J . T . 
Response of veins of canine limb to aortic and carotid 
chemoreceptor stimulation. Amer. J . Physiol. (1966) 210 : 
1435. 
Brozovic, В., Korubin, V., Lewis, S.M. and Szur, L. 
Simultaneous red cell and plasma volume determinations 
by a differential absorption method. J . Lab. Clin. Med. (1966) 
July : 142. 
Bull, J . P . 
Circulatory responses to blood loss and in jury .-Progress in 
Surgery. (Ed) Allgower. Basel : S. Karger (1964). 35. 
Celander, О. 
The range of control exercised by the sympathico-adrenal 
system. Acta. Physiol. Scand. (1954) 32 suppl. 116 : 1. 
Chaplin, H., Mollison, P.L. and Vetter, H. 
The body/venous haematocrit rat io: Its constancy over a 
wide haematocrit range. J . Clin. Invest. (1953) 32 : 1309. 
Chien, S. 
Role of the sympathetic nerves system in haemorrhage. 
Physiol. Rev. (1967) 47 : 214. 
Cobbold, Α., Folkow, B. Kjellmer, I. and Mellander, S. 
Nervous and local chemical control of pre-capil lary sphinc­
t e r s in skeletal muscle as measured by changes in filtration 
coefficient. Acta. Physiol. Scand. (1963) 57 : 180. 
Conley, C.L. and Nickerson, J .L . 
Effects of temperature change on the water balance in man. 
Amer. J . Physiol. (1945) 143 : 373. 
Cope, O. and Litwin, S.B. 
Contribution of the lymphatic system to the replenishment 
of the plasma volume following a hemorrhage, 
of the plasma volume following a hemorrhage. Ann. Surg. 
(1962) 156 : 655. 
Corcoran, A.C. and Page, I.H. 
Effects of anesthetic dosage of pentobarbital sodium on 
renal function and blood p r e s s u r e in dogs. Amer. J . Physiol. 
(1943) 140 : 234. 
Cowley, R.A., Demetriades, Α., Mansberger, A.R., Attar, S., 
Esmond, W.G. and Bessman, S. 
Hemorrhagic shock in dogs t reated with extracorporeal 
circulation. A study of survival time and blood chemistry 
levels. Surg. Forum. (1960) 11 : 110. 
Crispel l , K.R., P o r t e r , B. and Nieset, R.T. 
Studies of p lasma volume using human serum albumine 
tagged with radioactive iodine. J . Clin. Invest. (1950) 29 : 513. 
Crook, Α., and Szurl, L. 
Asimple method for the in vivo discrimination of Chromium-
51 and iron- 59. Br i t . J . Radiol. (1960) 33 : 447. 
Crowell, J.W., Ford, R.G. and Lewis, V.M. 
Oxygen t ransport in hemorrhagic shock as a function of 
hematocrit rat io. Amer. J . Physiol. (1959) 196 : 1033. 
Crowell, J.W. and Guyton, A.C. 
Cardiac deterioration in shock: II The i r revers ib le stage. 
-Shock. (Ed) Hershey. Boston: Little Brown (1964) 13. 
Cull, Т .Е. , Scibetta, M.P. and Seikurt, E.E. 
Arterial inflow into the mesenter ic and hepatic vascular 
c ircuits during hemorrhagic shock. Amer. J . Physiol. 
(1956) 185 : 365. 
Darby, T.D., Aldinger, E.E., Gadsden, R.H. and Thrower, W.R. 
Effect of metabolic acidosis on ventricular i sometr ic 
systolic tension and the réponse to epinephrine and levar -
terenol. Circ . Res . (1960) 8 : 1242 
Davis, J.O. 
The control of aldosterone secretion. Physiologist. (1962) 
5 : 65. 
Dillon, J . , Lynch, L., Myers , R. and Butcher, H. 
The treatment of hemorrhagic shock. Surg. Gynec. Obstet. 
(1966) 122 : 967. 
Doty, D.B. and Weil, M.H. 
Comparisons of the microcirculatory and the central hema-
tocrit as a measure of circulatory shock. Surg. Gynec. 
Obstet. (1967) 124 : 1263. 
Drucker, W. and Dekiewiet, J. 
Glucose uptake by diaphragms from ra t s subjected to he -
morrhagic shock. Amer. J . Physiol. (1964) 206 : 317. 
Duppont, J .R., Huggins, R.A., Deavers, S. and Smith, E.L. 
Effects of certain anesthetics on distribution of red cells 
in the dog. Amer. J . Physiol. (1959) 197 : 978. 
Eckenhoff, J .E . , Hafkenschiel, J .H., Fo l t z .E .L . and Driver , R.L. 
Influence of hypothension on coronary blood flow, cardiac 
work and cardiac efficiency. Amer. J . Physiol. (1948) 
152 : 545. 
Einheber. 
Discussion of paper by Dr. Fine. -Recent p rogress and 
present problems in the field of shock. (Ed) Seeley and 
Weisiger. Fed. Proc . Suppl. 9. (1961) 170. 
Engel, F .L . and Hewson, K. 
Fatty acid and ketone metabolism during haemorrhage and 
shock in the ra t . P roc . Soc. Exp. Biol. Med. (1953) 83 : 608. 
Etsten, В. and Li, Т.Н. 
Hemodynamic changes during thiopental anesthesia in hu­
mans; cardiac output, stroke volume, total peripheral 
res i s tance and intra thoracic blood volume. J . Clin. Invest. 
(1955) 34 : 500. 
Fel l , С 
Changes in distribution of blood flow in i r revers ib le he­
morrhagic shock. Amer. J . Physiol. (1966) 210 : 863. 
75 
Fields, T. , Kaplan, E. and T e r r i l , Μ.Α. 
A simplified technique for blood volume determinations 
using І І З ! H.S.A. J . Lab. Clin. Med. (1954) 43 : 332. 
Fine, J . , Frank, E.D., Ravin, H.A., Rutenburg, S.H. and 
Schweinburg, F.B. 
The bacterial factor in t raumatic shock. New. Eng. J . 
Med. (1959) 260 : 214. 
Fine, J. 
Comparison of various forms of experimental shock. -Shock 
pathogenesis and Therapy. (Ed) Bock. Berl in: Springer. 
(1962) 25. 
Fine, J . 
Shock and peripheral circulatory insufficiency. -Handbook 
of physiology. (Ed) Hamilton and Dow. Washington, D.C: 
Amer. Physiol. Soc. (1965) Sect 2 : 2037. 
Folkow, B. and Oberg, B; 
Autoregulation and basal tone in consecutive vascular 
sections of the skeletal muscle in reserp ine-t reated cat s . 
Acta. Physiol. Scand. (1961) 53 : 105. 
Folkow, B. 
Nervous adjustments of the vascular bed. -Shock, pathogenesis 
and Therapy. (Ed) Bock. Ber l in: Springer. (1962)a 61. 
Folkow, B. 
T r a n s m u r a l p r e s s u r e and vascular tone- some aspects of 
an old controversy. Arch. Int. Pharmodyn. (1962)° 139 : 455. 
Folkow, B. 
Description of the myogenic hypothesis. Ci rc . Res . (1964) 
25 : 279. 
Folkow, B. and Mellander, S. 
Veins and venous tone. Amer. Heart. J . (1964) 68 : 397. 
Folkow, В., Heymans, C. and Neil, E. 
Intergrated aspects of cardiovascular regulation. Handbook 
of physiology. (Ed) Hamilton and Dow Washington. D.C: 
Amer. Physiol. Soc. (1965) sect 2 : 1787. 
Frank, H.A., Frank, E.D., Korman, H. Macchi, I.A. and Hechter. 
Corticosteriod output and adrenal blood flow during hemor­
rhagic shock in the dog. Amer. J . Physiol. (1955) 182 : 24. 
Friedman, J . J . 
Splanchnic blood volume in t raumatic shock. Amer. J . 
Physiol. (1961) 200 : 614. 
Geigy. (Documenta). 
Scientific tables. Geigy, S.A. Basle. (1962) 454. 
Gelin, L.E. and Ingelman, B. 
Rheomacrodex- a new dextran solution for Theological 
t reatment of impaired capillary flow. Acta. Chir. Scand. 
(1961) 122 : 294. 
76 
Gibson, J.G. and Evans, W.A. 
Clinical studies of the blood volume to venous p r e s s u r e , 
blood velocity ra te , physical measurements , age and sex in 
ninety normal humans. J . Clin. Invest. (1937) 16 : 317. 
Gomez, O.A. and Hamilton, W.F. 
Functional cardiac deterioration during development of 
haemorrhagic circulatory dificiency. Ci rc . Res . (1964) 
14 : 327. 
Gray, S.J. and Sterling, K. 
The tagging of red cells and plasma proteins with radio-
active chromium. J . Clin. Invest. (1950) 29 : 1604. 
Green, H.D. and Rápela, C E . 
Cerebral vascular responses to localized and systemic hupo-
tension induced by haemorrhage and shock. -Microcirculation 
as related to shock. (Ed) Shepro and Fulton. New York: 
Academic p r e s s . (1968) 93. 
Greenfield, L.J . , Ebert , P.A., Austen, W.G. and Morrow, A.G. 
The effect of total cardiac denervation on the cardiovascular 
responses to hypothermia and acute hemorrhage. Surgery. 
(1962) 51 : 356. 
Gregerson, M.I. and Root, W.S. 
Experimental t raumatic shock produced by muscle contusion 
with a note on the effects of bullet wounds. A study of the 
clinical signs of shock in dog and the role of blood volume 
reduction in the development of the shock syndrome. 
Amer. J . Physiol. (1947) 148 : 98. 
Gregerson, M.I., Boyden, A.A. and Allison, J .B . 
Direct comparison in dogs of plasma volume measurement 
with T - 1824 and with antigens. Amer. J . Physiol. (1950) 
163 : 517. 
Gregg, D.C. 
Hemodynamic factors in shock. -Shock, Pathogenesis and 
Therapy. (Ed) Bock. Berl in: Springer (1962) 50. 
Gre ishe imer , E.M. 
The circulatory effects of anesthetics. -Handbook of phy-
siology. Hamilton and Dow. Washington. D.C: Amer. Physiol. 
Soc. (1965) Sect 2: 2477. 
Gunteroth, W.G. and Mullins, G.L. 
Liver and spleen as venous r e s e r v o i r s . Amer. J . Physiol. 
(1963) 204 : 35. 
Gupta, P.D. 
Responses of atrial and aortic baroreceptors to non-
hypotensive hemorrhage and to transfusion. Amer. J . 
Physiol. (1966) 211 : 1429. 
Guyton, A.C. and Crowell, J.W. 
Dynamics of the heart in shock. -Recent p rogress and 
present problems in the field of shock. (Ed) Seeley and 
Weisiger. Fed. proc. suppl. 9 (1961) 51. 
77 
Hagberg, S., Haljamäe, H. and Rockert , H. 
Shock reactions in skeletal muscle. II Intracellular potas-
sium of skeletal muscle before and after induced haemor-
rhagic shock. Acta, Chir. Scand. (1967) 133 : 265. 
Hahn, P . F . , Balfour, W.M., Rose, J . and Whipple, G.H. 
Red cell volume circulating, and total as determined by 
radio- i ron. Science. (1941) 93 : 87. 
Hardaway, R.M. 
Evidence that intracapillary plugging is important in shock. 
-Evaluation of low molecular weight dextran in shock: 
Pharmacology and pertinent rheology. (Ed) Eiseman and 
Bosomworth. Washington. D.C: Natl. Acad. Sci- Natl. Res . 
Council. (1963) 72. 
Hardaway, R.M. 
In panel discussion. - Shock and hypotension. (Ed) Mills 
and Moyer. New York: Grune Ь Stratton (1965) 650. 
Hardaway, R.M. 
Blood coagulation changes in shock. -Abstracts. International 
Conference on Microcirculation, Gothenburg (1968) 71. 
Henry, J . P . , Gaver, O.H. and Reeves, J . L . 
Evidence of the atrial location of receptors influencing 
urine flow. Ci rc . Res. (1956) 4 : 85. 
Henry, J .N. , Mc Ardle, A.H., Scott, H.J. and Gurd, F.N. 
A study of the acute and chronic respi ratory pathophysiology 
of hemorrhagic shock. J . Thorac . Cardiov. Surg. (1967) 
54 : 666. 
Hershey, S.G. 
Dynamics of peripheral vascular collapse in shock. -Shock 
(Ed) Hershey. Boston: Little Brown. (1964). 
Heymans, C. and Neil, E. 
Reflexogemc a r e a s of the cardiovascular system. London: 
Churchil. (1958). 
Hift, H. and Strawitz, J .G. 
I r revers ib le hemorrhagic shock in dogs: Problem of onset 
of i r revers ibi l i ty . Amer. J . Physiol. (1961) 200: 269. 
Hobbs, J . T . 
Total blood volume- its measurement and significance. 
The Radiochemical Centre. Amersham (1967) No 3 . 1. 
Horvath, S.M., F a r r a n d , E.A. and Hutt, B.K. 
Cardiac dynamics and coronary blood flow consequent to 
acute hemorrhage. Amer. J . Cardiol. (1958) 2 : 357. 
Huckabee, W.E. 
Relationships of pyruvate and lactate during anaerobic 
metabolim. III. Effect of breathing low oxigen gases . 
J . Clin. Invest. (1958) 37 : 264. 
Huggms, R.A., Smith, E.L. and Deavers, S. 
Distribution of red cells and plasma in the dog. Amer. 
J . Physiol. (1957) 1 9 1 : 163. 
Kjellmer, I. 
Studies on exercise hypermia. Acta. Physiol. Scand. (1965) 
64-Supp 244 : 1. 
Knysely, M.H. 
Intravascular erythrocyte aggregation (blood sludge). -Hand-
book of physiology. (Ed) Hamilton and Dow. Washington. D.C: 
Amer. Physiol. Soc. (1965) Sect 2 : 2249. 
Koelie, G. 
Neurohumoral t ransmiss ion and the autonomic nervous 
system. -The pharmacological basis of therapeutics. (Ed) 
Goodman and Gilman. London: Mac Millan. (1965) 400. 
Kramer , K., Thurau, K. and Deetjen, P. 
Hämodynamik des n ierenmarks : capi l la repassagezei t .b lud-
volumen, durchblutung, gewebshämatokritund O2 verbrauch 
des nierenmarks in situ. Pflügers. Arch. ges . Physiol. 
(1961) 270 : 251. 
Kramer , K. 
Renal failure in shock. -Shock, pathogenesis and Therapy. 
(Ed) Bock. Berl in: Springer. (1962) 134. 
Lacroix, E. and Leusen, I. 
Splanchnic and general hemodynamics after acute hemorrhage 
in the anesthetized dog. Arch. Int. Physiol. (1967) 7 5 : 12. 
Lamson, P.D. and De Turk, W.E. 
Studies on shock induced by hemorrhage. XI. A method for 
the accurate control of blood p r e s s u r e . J . Pharmacol . Exp. 
Ther . (1945) 83 : 250. 
Lamson, H.C. 
The volume of blood -A crit ical examination of its methods 
for its measurements . -Handbook of Physiology. (Ed) Hamil-
ton and Dow. Washington. D.C: Amer. J . Physiol. (1962) 
Sect 2 : 23. 
Langrem, S. and Neil, E. 
The contribution of carotid chemoreceptor mechanisms to 
the r i s e of blood p ressu re caused by carotid occlusion. 
Acta. Physiol. Scand. (1951) 23 : 152. 
Landis, E.M. and Pappenheimer, J .R. 
Exchange of substances through the capillary walls. -Hand-
book of physiology. (Ed) Hamilton and Dow. Washington. 
D.C: Amer. Physiol. Soc. (1963) Sect 2: 961. 
Lassen, N.A. 
Cerebral blood flow and oxygen consumption in man. Physiol. 
Rev. (1959) 39 : 183. 
Ledsome, J .R., Linden, R.J. and O'Connor, W.J. 
The mechanisms by which distention of the left atr ium 
produces diuresis in anaesthetized dogs. J . Physiol. (London) 
(1961) 159: 87. 
79 
Levenson, S.M., Einheber, A. and Malm, O.J. 
Nutritional and metabolic aspects of shock. -Recent p rogress 
and present problems in the field of shock. (Ed) Seeley and 
Weisiger. Fed. proc. suppl. 9 (1961) 99. 
Levenson, S.M., Nagler, A.L. and Einheber, A. 
Some metabolic consequences of shock. -Shock. (Ed) Hersey. 
Boston: Little Brown (1964) 79. 
Lewis, D. and M ellander, S. 
Competitive effects of sympathetic control and t issue 
metabolites on res is tance and capacitance vesse l s and 
capillary filtration in skeletal muscle. Acta. Physiol. Scand. 
(1962) 56 : 162. 
Lillehei, R.C., Longerbeam, J.K., Bloch, J.H. and Manax, W.G. 
The nature of experimental i r revers ib le shock with its 
clinical application. -Shock. (Ed) Hershey. Boston: Little 
Brown (1964) 139. 
Lim, R.C. and Bergentz, S.E. 
The influence of heparin tranexamic acid and low molecular 
weight dextran on pulmonary microvascular occlusions of 
regional shock. -Abstracts of International Conference on 
Microcirculation Gothenburg (1968) 100. 
Lofving, B . and Mellander, S. 
Some aspects of the basal tone of the blood vesse l s . Acta. 
Physiol. Scand. (1956) 37 : 134. 
Loiselle, J .M. 
Biochemical changes during acute physiological failure in 
the ra t . 1. The co-enzyme-A content of the l iver of the ra t 
during controlled hemorrhagic shock. Laval. Med. (1960) 
30 : 184. 
Loiselle, J.M. 
Biochemical changes during acute physiological failure in 
the rat . 11. Action of hepatic cellular co-enzymes. Laval. 
Med. (1960) 456. 
Low, J . A. Johnstone, E.E. and Mc Bride, R.I. 
Blood volume adjustments in the normal obstetric patient 
with par t icular reference to the third t r imes t e r of p reg -
nancy. Amer. J . Obstet. Gynec. (1965) 9 1 : 356. 
Lundwall, J . , Mellander, S. and Spark, H. 
Myogenic response of res is tance vessels and pre-capi l lary 
sphincters in skeletal muscle during exerc ise . Acta. Physiol. 
Scand. (1967) 70 : 257. 
Mc All ister , F . F . 
Effect of pentothal sodium on mean ar ter ia l p res su re in 
presence of high spinal cord para lys is . Ann. Surg. (1946) 
Ann. Surg. (1946) 124 : 328. 
Mark, L.C., Burns , J . J . , Brodie, B.B. and Papper , E.M. 
Clinical application of studies of the pysiologic disposition 
of thiopental. New York. J . Med. (1956) 56 : 2819. 
80 
Matsumoto, T . , Hardaway, R.M. and Mc Ciain, J .E . 
Microcirculation in hemorrhagic shock with relationship to 
blood p r e s s u r e . Arch. Surg. (Chicago) (1967) 9 5 : 911 
Matsumoto, T. Hardaway, R.M.,McClain, J .E . andMarget is , P.M. 
Microcirculation of dogs in hemorrhagic shock and after 
t reatment . Arch. Surg. (1968) 96 : 179. 
Mayerson, H.S. 
The physiologic importance of lymph. -Handbook of physio-
logy (Ed) Hamilton and Dow. Washington. D.C: Amer. 
Physiol. Soc. (1963) Sect 2: 1035. 
Medal, L.S., Moyado, H.R., Rodriguez, E. and Pizzuto, J . 
Influence de l 'altitude sur le volume sanguin et ses com-
par tments . Sang. (1960) 31: 311. 
Mellander, S. 
Comparative studies on the adrenergic neuro-hormonal 
control of resis tance and capacitance blood vesse ls in the 
cat. Acta. Physiol. Scand. (1960) Suppl 176: 1. 
Mellander, S. and Lewis, D.H. 
Effect of haemorrhagic shock on the reactivity of res is tance 
and capacitance vesse l s and on capillary filtration transfer 
in cat skeletal muscle . Circ . Res. (1963) 23: 105. 
Mellander, S., Oberg, B. and Odelram, H. 
Vascular adjustments to increased t ransmural p res su re in 
cat and man with special reference to shifts in capillary 
fluid t ransfer . Acta. Physiol. Scand. (1964) 61 : 34. 
Mellander, S. 
Contribution of the small vesse l s tone to the regulation of 
the blood volume and formation of oedema. P roc . Roy. Soc. 
Med. (1968) 61 : 55. 
Migone, L. 
Metabolic aspects of shock. -Shock, pathogenesis and the-
rapy. (Ed) Bock. Ber l in : Springer. (1962) 76. 
Moore, J .C. , Shadle, O.W. and Lawson, H.S. 
Measurement of circulating red cell volume with methemo-
globin tagged cel ls . Amer. J . Physiol. (1948) 153: 322. 
Moore, F . 
Metabolic care of the surgical patient. Philadelphia: W.B. 
Saunders (1961). 
Muller, W. and Smith, L.L. 
Hepatic a r te r ia l and portal venous circulatory changes fol-
lowing acute hemorrhage in the dog. Surg. Gynec. Obstet. 
(1963) 117: 753. 
Mulrow, P.J . and Ganong, W.F. 
Role of the kidney and the renin angiotensin system in the 
response of aldosterone secretion to haemorrhage. C i r -
culation. (1962) 25: 213. 
Nadler, S.B., Hidalgo, J.V. and Bloch, T. 
Prediction of blood volume in normal human adults. Surgery. 
(1962) 51: 224. 
81 
Nagler, A.L. and Zweifach, B.W. 
Absence of endotoxin activity in blood of rabbits subjected 
to graded hemorrhage. J . Exp. Med. (1961) 114: 195. 
Neil, E. 
Reflex mechanisms and the central nervous system. -Shock, 
pathogenesis and therapy. (Ed) Bock. Berl in: Springer. 
(1962) 172. 
Nickerson, M. 
Vasoconstriction and vasodilatation in shock. -Shock. (Ed) 
Hershey. Boston: Little Brown. (1964) 227. 
Nickerson, M. 
Drugs inhibiting adrenergic nerves and s t ructures inner-
vatedby them. -The pharmacological basis and therapeutics. 
(Ed) Goodman and Gilman. London: Mac Millan. (1965) 546. 
Nylin, G. 
Blood volume determinations with radioactive phosphorous. 
Bri t . Heart. J . (1945) 7: 81. 
Pappenheimer, J.R. and Soto Rivera, A. 
Effective osmotic p re s su re of the plasma proteins and 
other quantities associated with the capillary circulation 
in the hind limbs of cats and dogs. Amer. J . Physiol. (1948) 
152: 471. 
Penn, I., Tomin, R. Segel, A. and Simeone, F.A. 
The portal and hepatic venous system in shock: An angio-
graphic and manometric study in the dog. Ann. Surg. (1963) 
158:672. 
Polosa, C. and Hamilton, W.F. 
Blood volume and intravascular hematocri t in different 
vascular beds. Amer. J . Physiol. (1963) 204: 903. 
Poullain, P. and Piette, M. 
Determination de la masse sanguine par la polyvinylpyroli-
done. Bull. Soc. Chim. Biol. (1948) 30: 496. 
P r ice , H.L. 
General anestesia and circulatory homeostasis . Physiol. 
Rev. (1960) 40: 187. 
Renkin, E.M. 
Neurogenic factors in microcirculatory low flow s ta tes . 
-Microcirculation as related to shock. (Ed) Shepro and 
Fulton. New York: Academic p r e s s . (1968) 139. 
Reynell, P.C. , Marks , P.A., Chidsey, C. and Bradley, S.E. 
Changes in splanchnic blood volume and splanchnic blood 
flow in dogs after hemorrhage. Clin. Sci. (1955) 14: 407. 
Robb, H.J. 
The role of micro-embol ism in the production of i r revers ib le 
shock. Ann. Surg. (1963) 158: 685. 
Ross , G. 
Effects of catecholamines on splenic blood flow in the cat. 
Amer. J . Physiol. (1967) 213: 1079. 
82 
Rothe, C F . , Schwendenmann, F.C. and Seikurt, E.E. 
Neurogenic control of skeletal muscular res i s tance in 
hemorrhagic shock. Amer. J . Physiol. (1963) 204: 925. 
Rothe, C.F. and Seikurt, E.E. 
Cardiac and peripheral failure in hemorrhagic shock in dog. 
Amer. J . Physiol. (1964) 207: 203. 
Rubin, E. and Popper, H. 
Pathological alterations in i r revers ib le shock. -Shock and 
hypotension. (Ed) Mills and Moyer. New York: Grune & 
Stratton. (1965) 629. 
Rush, В., Eiseman, B. 
Limits of non-colloid solution replacement in experimental 
hemorrhagic shock. Ann. Surg. (1967) 165: 977. 
Rushmer, R.F. , Van Ci t ters , R.L. and Franklin, D. 
Definition and classification of various forms of shock. 
-Shock, pathogenesis and therapy. (Ed) Bock. Berl in: Springer 
(1962) 1. 
Russell, S.J.M. 
Blood volume studies on healthy children. Arch. Dis. Child. 
(1949) 24: 88. 
Rustand, H. 
F a c t o r s affecting blood volume determinations in surgical 
patients. Acta. Chir. Scand. (1966) 131: 9. 
Samson Wright. 
Applied physiology. Oxford University p r e s s (1961). 
Sarnoff, S.J., Case, R.B., Waithe, P.E. and Isaacs, J . P . 
Insufficient coronary flow and myocardial failure as a 
complicating factor in late hemorrhagic shock. Amer. J . 
Physiol. (1954) 176:439. 
Sayers, M.A., Sayers, G., Engel, M.G., Engel, F.L. and Long, 
C.N.H. 
Elevation of p lasma amino nitrogen as an index of gravity 
of hemorrhagic shock. Proc . Soc. Exp. Biol. Med. (1945) 
60: 20. 
Schmid-Schoenbein, H. 
Quantification of the dynamics of red cell aggregation. 
-Abstracts. International Conference on Microcirculation 
Gothenburg (1968) 136. 
Scholer, H. 
Fundamental considerations on blood volume. Amer. Heart 
J . (1965) 69: 703. 
Sealy, W.C., Ogino, S., Lesage, A.M. and Young, G. 
Functional and structural changes in the lung in haemor-
rhagic shock. Surg. Gynec. Obstet. (1966) 754. 
Selkurt, E.E. 
Mesenteric hemodynamics during hemorrhagic shock in 
the dog with functional absence of the l iver. Amer. J . 
Physiol. (1958) 193: 599. 
83 
Seikurt, E.E. and Rothe, C.F. 
Crit ical analysis of experimental hemorrhagic shock models 
-Recent p r o g r e s s and present problems in the field of shock. 
(Ed) Seely and Weisiger. Fed. proc . suppl. 9 (1961) 30. 
Seikurt, E.E., E lpers , M.J. 
Influence of hemorrhagic shock on renal hemodynamics of 
osmolar c learence in the dog. Amer. J . Physiol. (1963) 
205: 147. 
Seikurt, E.E. 
Role of l iver and toxic factors in shock. -Shock. (Ed) Hershey. 
Boston: Little Brown (1964) 43. 
Selkurt, E.E. 
The renal circulation. -Shock and hypotension (Ed) Mills and 
Moyer. New York: Grune & Stratton (1965) 157. 
Semple, R.E. 
An accurate method for the estimation of low concentrations 
of dextran in plasma. Canad. J . Biochem. (1957) 35: 383. 
Shabetai, R., Fowler, N.O. and Hurlburt, O. 
Hemodynamic studies of dogs under pentobarbital and 
morphine-chloralose anestesia. J . Surg. Res . (1963) 3: 263. 
Sherry, S. 
Hemostatic mechanisms and proteolysis in shock. (Round 
table conference). -Recent progress and present problems 
in the field of shock. (Ed) Seely and Weiseger. Fed. P r o c . 
suppl. 9 (1961) 209. 
Shires, T . , Carr ico, J . and Colin, D. 
The ro le of the extravascular fluid in shock. -Shock. (Ed) 
Hershey. Boston: Little Brown (1964) 277. 
Shoemaker, W.C. and lida, F. 
Studies on the equilibration of labelled r e d cells and Τ 1824 
in hemorrhagic shock. Surg. Gynec. Obstet. (1962) 114: 539. 
Shorr, E., Zweifach, B.W., Furchgott, R.E. and Baez; S. 
Hepatorenal factors in circulatory homeostas is , t issue 
origins of vasotropic principles, V.E.M. and V.D.M, which 
appear during evolution of hemorrhagic and tourniquet shock. 
Circulation. (1951) 3: 42. 
Simeone, F.A. 
Crit ical analysis of models for the study of experimental 
shock. -Recent progress and present problems in the field 
of shock. (Ed) Seely and Weisiger. Fed. proc . suppl. 9 
(1961) a 193. 
Simeone, F.A. 
Some issues in the problems of shock. -Recent progress and 
present problems in the field of shock. (Ed) Seely and Wei-
siger. Fed. proc. suppl. 9. (1961)^ 3. 
Simeone, F.A. 
Experimental hemorrhagic shock and irreversibi l i ty.-Shock 
and hipotensión. (Ed) Mills and Moyer. New York: Grune & 
Stratton (1965) 588. 
84 
Sisson, T.R.C., Lund, C.J. , Whalen, L.E. and Telek, A. 
The blood volume of infants. The ful l - term infant in the 
first year of life. J . Pediat. (1959) 55: 163. 
Sisson, T.R.C., Whalen, L.E. and Telek, A. 
The blood volume of infants. II The premature infant during 
the first year of life. J . Pediat. (1959) 55: 430. 
Sjöstrand, T. 
Volume distribution of blood and their significance in 
regulating the circulation. Physiol. Rev. (1953) 33: 202. 
Sjòstrand, T. 
Blood volume. -Handbook of Physiology. (Ed) Hamilton and 
Dow. Washington D.C: Amer. Physiol. Soc. (1962) Sect 2: 51. 
Smith, H.P. , Belt, Α., Arnold, H.R. and C a r r i e r , E.B. 
Blood volume changes at high altitude. Amer. J . Physiol. 
(1924-25) 71 : 395. 
Smith, L.L. and Veragut, U.P. 
The liver and shock. - P r o g r e s s in Surgery (Ed) Allgöwer. 
Basel : S. Karger . A.G. (1964) 55. 
Smith, L.L. , Reeves, C D . and Hinshaw, D.B. 
Hemodynamic alterations and regional blood flow in he -
morrhagic shock. -Shock and Hypotension. (Ed) Mills and 
Moyer. New York: Crune & Stratton (1965) 373. 
Sokoloff, L. 
The cerebral circulation. -Shock and hypotension. (Ed) Mills 
and Moyer. New York: Grune & Stratton. (1965) 141. 
Spanner ,R. 
Neue befunde über die blutwege der darmwand und ihre 
funktionelle bedeutung. J . Morph. Mikr. Anat. 1 abt (1932) 
89: 394. 
Spink, W.W., Vick, J.Α., Melby, J . C . and Finstad, J . 
Influence of aldosterone and angiotension II on endotoxic 
in the pr imate . P r o c . Soc. Exp. Biol. Med. (1963) 112: 795. 
Stekiel, W.J., Logic, J .R., Erdelyi, A. and Rozek, L . F . 
Effect of phenoxybenzamine on plasma volumes during 
hemorrhagic shock. Amer. J . Physiol. (1967) 213: 1089. 
Stoner, H. and Threlfall, С 
The effect of limb ischemia on carbohydrate distribution 
and energy transformation. -The biochemical response to 
injury. (Ed) Stone and Threlfall. Oxford: Blackwell Scien­
tific Pubi. (1960). 105. 
Strawitz, J .G. and Hift, H. 
Glucose and glycogen metabolism during hemorrhagic shock 
in the rat . Surg. Forum. (1960) 11: 112. 
Swank, R.L., Fellman, J .H. and Hissen, W.W. 
Aggregation of blood cells by 5- hydroxytryptamine (Sero­
tonin). Circ . Res. (1963) 13: 392. 
85 
Tagnon, H.J., Levenson, S.M., Davidson, C.S. and Taylor, F.H.L. 
The occurrence of fibrinolysis in shock, with Observationen 
the prothrombin t ime and the plasma fibrinogen during he­
morrhagic shock. Amer. J . Med. Sci. (1946) 211: 88. 
Takaori , M. and Safar, P. 
Treatment of massive hemorrhage with colloid and crys ta l­
loid solutions. JAMA (1967) 199: 297. 
Taylor, H.L., Erickson, L., Henschel, Α., and Keys, A. 
The effect of bed res t on the blood volume of normal young 
men. Amer. J . Physiol. (1945) 144: 227. 
Tobian, L. 
Relationship of juxtaglomerular apparatus to renin and 
angiotensin. Circulation (1962) 25: 189. 
Trueta, J . , Barclay, A.E., Daniel, P.M., Franklin, K.J. and 
Pr ichard, M.M.L. 
Studies of the renal circulation. Oxford: Blackwell Scien­
tific Pubi. (1947). 
Underwood, P.S., Boyan, С. P. and Howl and, W.S. 
Appraisal of RISA blood volume for clinical use . Anesth. 
Analg. (Cleveland) (1966) 45: 1. 
Ungar. 
In Discussion of local and systemic factors in shock by 
A.A. Miles. -Recent progress and present problems in the 
field of shock. (Ed) Seeley and Weisiger. Fed. proc . suppl. 9. 
(1961) 150. 
Walton, R.P. , Richardson, R.P., Walton, R . P . andThompson, W.L. 
Sympathetic influences during hemorrhagic hypotension. 
Amer. J . Physiol. (1959) 197: 223. 
Wegria, R., Zekert, H., Waltar, K.E., Entrup.R.W., Deschryver, 
C , Kennedy, W. and Paiewonsky. 
Effect of systemic venous p r e s s u r e on drainage of lymph 
from thoracic duct. Amer. J . Physiol. (1963) 204: 284. 
Wells, R.E. 
Rheology of blood in the microvasculature. New. Eng. J.Med. 
(1964) 832. 
Wells, R.E. 
Rheology of blood in low flow s tates . -Shock and hypotension. 
(Ed) Mills and Moyer. New York: Grune Ь Stratton. (1965) 80. 
Wendt, V.E., Wu., Balcon, R. and Bing, R.J. 
Metabolic factors in the control of cardiac output. -Shock 
and hypotension. (Ed) Mills and Moyer. New York: Grune & 
Stratton (1965) 32. 
Whipple, G.A., Sisson, T.R.C, and Lund, C.V. 
Delayed ligation of the umbilical cord: Its influence on the 
blood volume of the newborn. Obstet. Gynec. (1957) 10: 603. 
Wilhelmi, A.E. 
Metabolic aspects of shock. Ann. Rev. Physiol. (1948) 10: 
259. 
86 
Wiggers, C.J. 
Physiology of shock. New York: Commonwealth. (1950). 
Wirz, H. 
Die niere als regulator der osmotischen druckes. Bibl 
Paediat (1960) 74: 86. 
Wood, G.A. and Levitt, S.H. 
Simultaneous red cell mass and plasma volume determina­
tions using СГ51 tagged red cells and 1^25 labeled albumin. 
J . Nucl. Med. (1965) 6: 433. 
Zier ler , K.L. 
The skeletal muscle circulation. -Shock and hypotension. 
(Ed) Mills and Moyer. New York: Grune & Stratton. (1965) 
170. 
Zweifach, B.W. 
Functional behavior of the microcirculat ion. Springfield, 
III: Charles . С Thomas. (1961). 
Zweifach, B.W. 
Relation of the reticulo-endothelial system to natural and 
acquired res i s tance in shock. -Shock. (Ed) Hershey. Boston: 
Little Brown. (1964) 113. 
87 
A C K N O W L E D G E M E N T S 
I gratefully acknowledge the help from D r s . F.M. Misere of the 
Department of Anatomo-Pathology. (Head: Prof. Dr. P.H.M. 
Shillings) 
Mr. Th.H.M. Arts and Mr. P.G.H. Philipsenof the Central Animal 
Laboratory of the Faculty of Medicine. (Head: Dr. Vet. M.J. 
Dobbelaar) 
Mr. C. van Huyzen, Head of the Medical Illustration Department. 
Mr. A.T.A.J. Reijnen, Head of the Medical Photographic De­
partment. 
Miss . B.E.M. Ringnalda of the Department of Physiology (Head: 
Prof. Dr. F.J.A. Kreuzer) . 
D r s . P . van Eiteren, Head of the Institute of Mathematics and 
Statist ics. University of Nijmegen. 
Miss . J .H.J.M. van der Pluym and Miss. A.J.J.M. Mocking of the 
Department of Anaesthesiology (Head: Prof. Dr. J . F . Crul). 
Mr. E. de Graaff, l ibrar ian of the Medical Faculty and his a s i s -
tants . 
Θ8 
STELLINGEN 
I 
In the theraphy of haemorrhagic shock, first of all blood flow 
through the tissues must be improved. 
II 
While increasing vascular capacity by the administration of an 
α blocker, blood volume should also be increased by intravenous 
administration of fluids. 
Ill 
Natural haemodilution in haemorrhagic shock is a sign of c ir­
culatory compensation. 
IV 
In the post-operative management of patients submitted to open 
heart surgery, the central venous pressure measurement can 
only complement blood volume measurements. 
Mc Clenaham, J.B., Yamauchl, H. and Benson, B.R. -JAMA (1966) 195: 356. 
V 
The cardiac surgeon's ability is now challenged by the surgery 
of the coronary arter ies . This surgery will become - in the near 
future - a major part of the discipline. 
VI 
The risk of bronchial fistulae, as a consequence of pulmonary 
resection can be diminished markedly if a well trimmed bronchial 
flap is used for closing the trachea in pneumonectomies or the 
bronchus in lobectomies. With this technique suture tension and 
bronchial dead spaces are avoided. 
Jack, G.D. -Thorax (1965) 20 : 8. 
VII 
Oesophagoscopy is absolutely necessary for the assessment of the 
degree of oesophagitis produced by a hiatus hernia, as it is for 
the recognition of the small sliding hiatus hernia. 
Field, P. and Stalker. M.J.B. -Canad J Surg (1968) 11:412. 

Vili 
If it can be accepted that some forms of general anaesthesia 
reduces oxygen consumption of the brain, the baby which becomes 
hypoxic during delivery will benefit by remaining under such 
general anaesthesia as long as the hypoxia period exists. 
Secher, O. and Wilhjelm, B. -Canad. Anaes. Soc. J. (196Θ) 15:423. 
IX 
Primary chemotherapy is the treatment of choice in the manage­
ment of nonmetastatic gestational trophoblastic neoplasma, as a 
high complete remission rate can be obtained with preservation 
of fertility. 
Hammond, C.B., Hertz, R., Ross,G.T., Lipsett.M.B. and Odell, W.D. -Am. J. Obetet. 
bGynec (1967) 98:71. 
X 
The socio-economic gap between the developed countries and the 
developing ones will become wider, unless a fair share of trade-
profits is established. 
Newsweek (1969) April 14 :32. 
Cerassi, J. The great fear in Latin America. Collier books (1967) 
XI 
When a dictator of an underdeveloped country is protected by the 
political or economic interests of other powerful countries, the 
dictator is able to apply his will without reserves. 
XII 
An elderly patient kept continuously in a hospital bed, is a four 
legged medical cr ime. 
Sentences appertaining to the thesis: Blood Volume and Shock-
Treatment during the refractory period, by M.O. Vinueza. Rojas 
Nijmegen, May 1969. 



